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Sir: 

^jrr^j ATION TINDER ^7 TITR 81.132 

I, Dr. Dwight Rickel, hereby declare that: 

1 . 1 have been an applied physicist for the past 3 5 years and have considerable 
knowledge and experience in electromagnetics and propagation phenomenon. 
Specifically, I spenftwo years measuring electromagnetic emissions from relativistic 
elec^on beams propagating in air where ground reflections and antenna calibrations were 
of considerable importance. I .as also involved in wideband antenna development and 

ionospheric propagation. 
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2. Since 1980. 1 have worked at Los Alamos National Laborato^^' in areas 
..ated to nuclear physics, in 199Uwasti,e project leader ftatbuilt^eNaUonalHigh 

MagneUc Field Laboratory at Los Alan^os. Since 1991, 1 have worked as a staff scientist 

in the National High Magnetic Field Laboratory. Prior to worldng at Los Alamos 
National Laborat^y. I wiced at a company caUed EE&G in ionospheric physic and RF 

propagation «td at Northrup Services working onlong path monitoring for lasers. I 
„ceived my Masters of Science (nuclear physics) in 1971 and a PhD. (nuclear physics) in 
,973 from the University of Arizona. 1 was a post doctoral fellow at Duke Universi^ for 

approximately two years in nuclear physics. 

3, Based on my considerable education and experience in electromagnetics 

and propagation phenomenon. I believe myself to be an expert in the technological area 
of U.S. Patent Application Serial No. 09/786.507. entitled: "Apparatus For Generating 
Focused Electromagnetic Radiation" (the '507 application). 

4. I have reviewed the '507 application as originally filed, (attached as Exhibit 
A), the Examined Official Action dated December 15. 2003, (attached as Exhibit B), a 
document entiUed ■T>escrip.ion of an Experiment. Response to the First Office Action by 
,l,eU.S, Patent Office on the Application No. 09/786,507." (attached as ExHbit C). «.d a 
document entitled "Description of Some Experimental Results: Response to the First 
OfSce Action by the U.S. Patent Office on the Application No. 09/786.507." (attached as 

Exhibit D). 

.^...^.^^^.^ll^io. ^ no. »y ofSci^ »voW.,«n. of ,h. U. A.™o. 
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5. The '507 application claim 21 recites an apparatus for generating 
electromagnetic radiation tha, includes polari^ble or magnetization mediurr. and a means 
for generating in a controlled nuumer a polari«Uon or magneU^ion current or charge 
distribution. The current distribution has an accelerated motion with a superl,»i»al 
speed that generates non-sph«ically decaying electromagnetic radiation whose intensity 
Ms off at a rate a. o, about 1/R in the far field. R is the distance from the current 
distribution. This 6.1 offrate or attenuation is considerably less than the rate at which 
the intensity electromagnetic radiation normaUy falls off, i.e., 1/R^ 

6. The invention described in the '507 application has an extremely wide 
range of appUcations. Some examples include high bandwidth UlecommunicaUons. 
secure communications, hand-held communication devices, compact sources of int»se 
broad band radiation, medical diagnoses and treatments, andbiomedical research. Of 
couree, there are many other applications. 

7. The Examiner contends that the principles described and claimed in the 
•507 application violate the special theory of relativity. The claimed invention does not 
violate relativity principles because the electromagnetic radiation itself is not described or 
daimed to be traveling at greater than the speed of light. Rather, it is the current 
distribution, which is the source of the EM radiation, that can achieve superluminal 
speei An example of a phenomenon that travels at a speed greater than light is a pair of 
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scissors whose tips are ™ovir,g Jus. below a.e speed of light In *is situation, the 
iaterseotion of the blades moves at a speed faster the speed of light. 

8 Regarding the non-spherical decay recited in claim 21, it can be 
detnonstrated usingHuygens wavelet, that there are locaao„s«her«n.ultiple.avesftom 

of the source of r«iiation (.he current or charge distrihuUon) can simultaneously arrive at 
. point in space, labeled a "cusp" in the '507 application, which create a higher than usual 
« due to constructive interf^ence. Moving away ftom the distribuUon. more 
wavelets converg. on .he cusp giving rise to non-spherical decay in the far field better 
^ 1/Rl Because there is constructive interference at these cusp points and desttuClve 
interference elsewhere, the amount of energy passing througj. any given spherical surface 
surrounding *e current or charge disttbution is constant. Thus, conservation of energy 
is not violated. 

9. The Examiner improperly characterizes the invention as nothing more than 
laser be»ning or a phas»i array antenna. The « of laser radiation diminishes with 
the dist^tce R ftom its source like 1/R' in Ute far field. i.e., where R is greaterthan the 
Fresnel distance. -Tl«.s, laser radiation decays ,ph«ically rather than non-sph«i_cally. 
Moreover, the claimed apparatus is not Just anote phased anay becanse it generates an 
intense energy cusp a. described in *e specification and illustrated in Pigu.es 3. 4. and 9. 

10. After reviewing the experiment described in Exhibit C. 1 have detetmmed 
.hat the instn^tentaUon was properly configured and the testing conducted h. accord«,ce 
with standard scientific procedures. 1 have reviewed the experimental test results as set 
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forth in Exhibit D and have deteimined that the data interpretation was correct. 
Specifically, appropriate consideration was given to common mode rejection from 
transmission lines and to ground reflections. 

1 1 Figure 1 in Exhibit D illustrates the intensity versus distance on a log scale 
for radiation generated by a subluminal (slower than the speed of light) current 
distribution. Figure 2 Exhibit D illustrates the radiation intensity versus distance 
generated by a charge or current distribution having superluminal speed. Figure 3 
Exhibit D illustrates the ratio of the radiation intensity at superluminal speed over the 
radiation intensity at subluminal speed. The radiation intensity in Figure 1 decays at a 
rate of approximately 1/R^ once account is taken of interference from the ground, while 
the slope of a line corresponding to that ratio confirms that the intensity in Figure 2 
decays at a rate of approximately 1/R, where R is the distance from the charge or current 
distribution. 

12. All statements made herein of my own knowledge are true, and those made 
on information and belief are believed to be true. These statements were made with the 
knowledge that willfiil false statements are punishable by fme or imprisonment,_or both, 
under '1001 of Titie 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 



Date:4^.i2^^ tl^^T^f^^^ 
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(57) Abstract 

An apparatus for generating electromag- 
netic radiation comprises a polarizablc of mag- 
netizable medium. There is means of generat- 
ing, in a controlled manner, a polarization or 
magnetisation current whose distribution pattern 
has an accelerated motion with a superiuminal 
speed, so that tht apparatus generated both a 
non-spherically decaying component and an in- 
tense spherically decaying component of electro- 
magnetic radiation. 
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APPARATUS FOR GENERATING FOCUSED 
ELECTROMAGNETIC RADIATION 

The present invention relates to the generation of electromagnetic ra- 
diation and, more particularly, to an apparatus and method of generating 
focused pulses of electromagnetic radiation over a wide range of frequencies. 
More particularly it relates to an apparatus and method for generating pulses 
of non-spherically decaying electromagnetic radiation. 

The present apparatus and method are based on the emission of electro- 
magnetic radiation by rapidly varying polarisation or magnetisation current 
distributions rather than by conduction or convection electric currents. Such 
currents can have distribution patterns that move with arbitrary speeds (in- 
cluding speeds exceeding the speed of Ught in vacuo), and so can radiate 
more intensely over a much wider range of frequencies than their conven- 
tional counterparts. The spectrum of the radiation they generate could ex- 
tend to frequencies that are by many orders of magnitude higher than the 
characteristic frequency of the fluctuations of the source itself. 

Furthermore, intensities of normal emissions decay at a rate of 
where R is the distance from the source. It has been noted, however, that the 
intensities of certain pulses of electromagnetic radiation can decay spatially 
at a lower rate than that predicted by this inverse square law (see Myers ei al., 
Phys. World, Nov. 1990, p. 39). The new solution of Maxwell's equations set 
out below, for example, predicts that the electromagnetic radiation emitted 
from superluminally, circularly moving charged patterns decays at a rate 
of R~^. Another example is the electromagnetic radiation emitted from 
superluminaUy, rectilinearly moving charged patterns which decays at a rate 
of 

This emission process can be exploited, moreover, to generate waves 
which do not form themselves into a focused pulse until they arrive at their 
intended destination and which subsequently remain in focus only for an 
adjustable interval of time. 

It will be widely appreciated that being able to employ such emissions 
for signal transmission, amongst other applications, would have significant 
commercial value, given that it would enable the employment of lower power 
transmitters and/or larger transmission ranges, the use of signals that cannot 
be intercepted by third parties, and the exploitation of higher bandwidth. 
The near-field component of the radiation in question has many features in 
common with, and so can be used as an alternative to, synchrotron radiation. 
The present invention provides a method and apparatus for generating such 
emissions. 

According to the present invention there is provided an apparatus for 



wo 00/14750 



PCT/GB99/02943 



generating electromagnetic radiation comprising: ■ 
a pojarizaWe or magnetizable medium; and 

means of generating, in a controlled manner, a polarisation or magneti- 
sation current with a rapidly moving, accelerating distribution pattern such 
that the moving source in question generates electromagnetic radiation. 

The speed of the moving distribution pattern may be superiuminal so 
that the apparatus generates both a non-sphericaliy decaying component and 
an intense spherically decaying component of electromagnetic radiation. 

The apparatus may comprise a dielectric substrate, a pluraJity of elec- 
trodes positioned adjacent to the substrate, and the meajis for applying a 
voltage to the electrodes sequentially at a rate sufficient to induce a polarised 
region in the substrate which moves along the substrate with a speed exceed- 
ing the speed of light. The dielectric substrate may have either a rectilinear 
or a circular shape. 

The wavelength of the generated electromagnetic radiation may be in 
any range from the radio to a minimum determined only by the lower limit to 
the acceleration of the source (potentially optical, ultraviolet or even x-ray). 

Examples of the present invention will now be described with reference 
to the accompanying drawings, in which: 

Figure 1 is a diagram showing the wave fronts of the electromagnetic 
emission from a particular volume element (source point) S within the cir- 
cularly moving polarised region of the polarizable medium of the present 
invention; 

Figure 2 is a graph showing the value of a function representing the 
emission time versus the. retarded position for differing source points a, b, c 
within the polarizable medium in question; 

Figure 3 is a perspective view of the envelope of the wave fronts shown 
in Fig. 1; 

Figure 4 is a view of the cusp curve of the envelope shown in Fig. 3; 

Figxire 5 is the locus of the possible source points which approach the 
observation point P along the radiation direction with the wave speed at the 
retarded time, a locus that is henceforth referred to as the bifurcation surface 
of the observer at P; 

Figure 6 is a view of the cross sections of the bifurcation surface and 
the source distribution with a cylinder whose axis coincides with the rotation 
axis of the source; 

Figures 7(a) and 7(b) are views of two examples of the apparatus of 
the present invention showing the dielectric substrate, the electrodes and a 
superluminally moving polarised region of the dielectric substrate; 

Figure 8 is a diagram showing the wave fronts, and the envelope of the 
wave fronts, of the electromagnetic emission from a particular volume element 
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(source point) S wiihin t.he reciilineariy iTioving: acceleraiing superluminal 
source of the present invention: and 

Figure 9 shows the evolution in observation time of the relative positions 
and the envelope of a set of wave fronts emitted during a limited interval of 
retarded time; the snapshots (a)-(f) include times at which the envelope has 
not yet developed a cusp [(a) and (b)j, has a cusp [(c)-(e)], and has already 
lost its cusp (f). 

Prior to description of the invention, it is appropriate to discuss the 
principles underlying it. 

Bolotovskii and Ginzburg (Soviet Phys. Usp, 15, 184, 1972) and Bolo- , 
tovskii and Bykov (Sovet Phys. Usp. 33, 477, 1990) have shown that the 
coordinated motion of aggregates of charged particles can give rise to ex- 
tended electric charges and currents whose distribution patterns propagate 
with a phase speed exceeding the speed of light in vacuo and that, once 
created, such propagating charged patterns act as sources of the electromag- 
netic fields in precisely the same way as any other moving sources of these 
fields. That these sources travel faster than light is not, of course, in any 
way incompatible with the requirements of special relativity. The superlu- 
minally moving pattern is created by the coordinated motion of aggregates 
of subluminally moving particles. 

We have solved Maxwell's equations for the electromagnetic field that 
is generated by an extended source of this type in the case where the charged 
pattern rotates about a fixed axis with a constant angular frequency. 

There are solutions of the homogeneous wave equation referred to, inter 
alia, as non-difiracting radiation beams, focus wave modes or electromagnetic 
missiles, which describe signals that propagate through space with unexpect- 
edly slow rates of decay or spreading. The potential practical significance of 
such signals is clearly enormous. The search for physically realizable sources 
of them, however, has so far remained unsuccessful. Our calculation pin- 
points a'concrete example of the sources that are currently looked for in this 
field by establishing a physically tenable innomo^^eneous solution of Maxwell's 
equations with the same characteristics. 

Investigation of the present emission process was originally motivated 
by the observational data on pulsars. The radiation received from these 
celestial sources of radio waves consists of highly coherent pulses (with as 
high a brightness temperature as 10^° °K) which recur periodically (with 
stable periods of the order of 1 sec). The intense magnetic field 10^^ G) 
of the central neutron star in a pulsar affects a coupling between the rotation 
of this star and that of the distribution pattern of the plasma surrounding it, 
so that the magnetospheric charges and currents in these objects are' of the 
same type as those described above. The effect responsible for the extreme 
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de«Tee of coherence of the observed emission from pulsars, therefore, may 
well be the violation of the inverse square law that is here predicted by our 

caJculation. , , • • -i v 

The present analysis is relevant also to the mathematically similar prob- 
lem of the generation of acoustic radiation by supersonic propellers and he- 
licopter rotors, although this is not discussed in detail here. 

We begin by considering the waves that are emitted by an element of 
the superluminallY rotating source from the standpoint of geometrical optics. 
Next we calculate the amplitudes of these waves, i.e. the Green's function 
for the problem, from the retarded potential. We then specify the bifurcation 
surface of the observer and proceed to calculate the electromanetic radiation 
arising from a superluminally moving extended source. The singularities of 
the integrands of the radiation integrals that occur on the bifurcation surface 
are here handled bv means of the theory of generalised functions: the electric 
and magnetic fields are given by the Hadamard's finite parts of the divergent 
integrals that resxilt from differentiating the retarded potential under the 
integral sign. The theory is then concluded with a descriptive account of the 
analysed emission process in more physical terms, the description of examples 
of the apparatus, and an outline of the applications of the invention. 
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I. ENVELOPE or THE WAVE FRONTS AND ITS CUSP 

Consider a paint source (an eiemenL of the propagating distribution 
pattern of a volume source) which moves on a circle of radius r with the 
constant angular velocity ue., i.e. whose path x{i) is given, in terms of the 
cylindrical polar coordinates {r.ip. z), by 

. r = const., 2 .= const., ip = ip '\' uji, (1) 

where is the basis vector associated with z, and ip the initial value of tp. 

The wave fronts that are emitted by this point source in an empty and 
unbounded space are described by 

!xp-x(OI = c(ip-t), (2) 

where the constant c denotes the wave speed, and the coordinates (xp, tp) = 
{rp^ipp.zpjip) mark the spacetime of observation points. The distance R 
between the observation point xp and a source point x is given by 

|xp - xi = Rip) = [{zp - z)^ ^ rp- + - 2rpr cosipp - (3) 

so that inserting (1) in (2) we obtain 

R{i) = [{zp - r)- -f- rp^ + - 2rpr cos(v?p - - uji)]^- = c{tp - i), (4) 

These wave fronts cire expanding spheres of radii c(ip — t) whose fixed centres 
[rp =^ r,pp = p-rui^zp = z) depend on their emission times t (see Fig. 1). 

Introducing the natural length scale of the problem, c/uj, and using 
t =z {p ^ (p)/uj to eliminate t in favour of p, we can express (4) in terms of 
dimensionless variables as 

g ^ p - pp^ R{p) = (p, (5) 

in which R = R^/c, and 

4> = p - pp (6) 

stands for the difference between the positions = p ut of the source 
point and pp = ipp — utp of the observation point in the (r, z)-space. 
The Lagiangian coordinate p in (5) lies within an interval of length 27r (e.g. 
— TT < < tt), while the angle p, which denotes the azimuthal position of the 
source point at the retarded time f, ranges over (—00,00). 

Figure 1 depicts the wave fronts described by *(5) for fixed values of 
(r.p.z) and of 4> (or ip), and a discrete set of values of.p (or t). [In this 
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figure, the heavier curves show the cross seciion of ihe envelope with the plane 
of the orbit of the source. The larger of the two dotted circles designates the 
orbit (at r = Zc/uj) and the smaller the light c^'linder. (rp = c/u;).] 

These wave fronts possess an envelope because when r > c/lj, and so 
the speed of the source exceeds the wave speed, several wave fronts with 
differing emission times can pass through a single observation point simul- 
taneously. Or stated mathematically, for certain vaJues of the coordinates 
{Tp,ipp,zp\T, z) the function g{ip) shown in Fig. 2 is oscillatory and so can 
equal 4> at more than one value of the retarded position (/:: a horizontal line 
4) = constant intersects the curve (a) in Fig. 2 at either one or three points. 
[Fig. 2 is drawn for = 0, = 3, f = 2 and (a) z = ip, inside the 
envelope, (b) i = .fcj on the cusp curve of the envelope, (c) z = 2ic — -^p, 
outside the envelope. The marked adjacent turning points of curve (a) have 
the coordinates ((^^,<j!)^), and ^out represents the solution of g{ip) = 4>q for 
a 00 tihat tends to 0_ from below.] . 

Wave fronts become tangent to one another and so form an envelope 
at those points (rp^ tpp^ zp) for which two roots of g{ip) = <p coincide. The 
equation describing this envelope can therefore be obtained by eliminating tp 
between g = 4> and dg/d(p — 0. 

Thus, the values of on the envelope of the wave fronts are given by 

dg/dip = 1 - f fp sin(^p - tp)/R{^) = 0. (7) 

When the curve representing g{(p) is as in Fig. 2(a) (i.e. f > 1 and A > 0), 
this equation has the doubly infinite set of solutions (p = tp± -h 2Ti7r, where 

^± — (PP -h 27r - arccos[(l = A 2 )/(ff p)], (8) 

^^if].-l){f'^l)-iz-zp)\ (9) 

n is an integer, and {f,z\fp,zp) stand for the dimensionless coordinates 
ru;/c, zu/c, rpu/c and zpu/c^ respectively. The function g{ip) is locally 
maximum at -r 2n7r and minimum at -r 2n7r. 

Inserting ip — ip± in (5) and solving the resulting equation for as a 
function of (rp, ip), we find that the envelope of the wave fronts is composed 
of two sheets: 

<i> = 4>^= g{ip±) = 27r - arccos[(l T A^)/(ffp)] + lU, (10) 

in which 

= [(i - zp)' + f- 4- f> - 2(1 T A = )]^ (11) 
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are ine values of at = lt-. For ?. fixed source point {r, z)., equauon 
(10) describes a tube-like spiralling surface in the (rp, (pp, 2j5)-space of obser- 
vation points thai extends from the speed-of-light cylinder fp = 1 to infinity. 
[A three-dimensional view of the light cylinder and the envelope of the wave 
fronts for the same source point (5) as that in Fig. 1 is presented in Fig. 3 
(only those parts of these surfaces are shown which lie within the cylindrical 
volume fp < 9, -2.25 < ip - i < 2.25).] 

The twfO sheets <p = 4>± of this envelope meet at a cusp. The cusp 
occurs along the curve 

<P = 2tt- arccos[l/(ffp)] -i- (f>f- - 1)^ = <l>c, (12c) 
z = ip±(4-l)^f2-l)5 =£„ (126) 

shown in Fig. 4 and constitutes the locus of points at. which three different 
wave fronts intersect tangentially. [Figure 4 depicts the segment -15 < 
zp - z < 15 of the cusp curve of the envelope shown in Fig. 3. This curve 
touches— and is tangent to — the light cylinder at the point (fp = l,zp = 
z,<f>= <?i>clr^=i) on the plane of the orbit.] 

On the cusp curve = (p^, z = Zc, the function g{ip) has a pomt of 
inf3ect5oA [Fig. 2(b)] and d^g/df'.. as well as dg/df and g, vanish at 

tp = (pp + 2TT - arccos[l /(ffp)] = <Pc- (12c) 

this, in conjunction with t = {<f - (p)/uj., represents the common emission 
time' of the three wave fronts that are mutually tangential at the cusp curve 

of the envelope. ■ r -u 

In the highly superluminal regime, where f 3> 1, the separation of the 
ordinates <?i-+ and (p- of adjacent maxima and minima in Fig. 2(a) can be 
greater than 27r. A horizontal line d> = constant will then intersect the curve 
representing ^(v) at more than three points, and so give rise to simultane- 
ouslv received contributions that are made at 5, 7, • • -, distinct values of the 
retaJ-ded time. In such cases, the sheet <p_ of the envelope (issuing from the 
conical apex of this surface) undergoes a number of intersections with the 
sheet <i>+ before reaching the cusp curve. We shall be concerned in this paper, 
however, mainly with source elements whose distances from the rotation axis 
do not appreciably exceed the radius c/^ of the speed-of-Iigbt cylinder and 
so for which the equation g{^) = <t> has at most three solutions. 

At points of tangency of their fronts, the waves which interfere construc- 
tively to form the envelope propagate normal to the sheets (j) = 4>±{rp, zp) 
of this surface, in the directions 

n± = (c/LL;)Vp((pi - ^i-) 

= er^[fp - fp\l ^ A^)]/Ai + e^p/fp + ^zpi^P - ^)/R±, (13) 
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with the speed c. (e^p: e^^ and e.„ are t.he unit, vectors associated with the 
cylindrical coordinates rp,_ ipp and zp of the observation point, respectively.) 
Nevertheless, the resulting envelope is a rigidly rotating surface whose shape 
does not change with time: in the (rp, tip, 2p)-space, its conical apex is sta- 
tionary at (r, ip, z), and its form and dimensions only depend on the constant 
parameter r. 

The set of waves that superpose coherently to form a particular section 
of the envelope or its cusp, therefore, cannot be the same (i.e. cannot have the 
same emission times) at different observation times. The packet of focused 
waves constituting any given segment of the cusp curve of the envelope, for 
instance, is constantly dispersed and reconstructed out of other waves. This 
one-dimensional caustic would not be unlimited in its extent, as shown in Fig. 
4, unless the source is infinitely long-lived: only then would the dtiration of 
the source encompass the required intervals of emission time for every one of 
its constituent segments. 



TI. AMPLITUDES OF THE V^AVES GENERATED BY 
A POINT SOURCE 

Our discussion has been restricted so far to the geometrical features 
of the emitted wave fronts. In this section we proceed to find the Lienard- 
Wiechert potential for these waves. 

The scalar potential arising from an element of the moving volume 
source we have been considering is given by the retarded solution of the 
wave equation 

V'Go - a2Go/5(ciO' = -47rpo, (14a) 

in which 

po(r', <^', r', t') = 5(t' - r)S{<f' - ut' - ^)6{z' - z)/t' (14fc) 

is the density of a point source of unit strength with the trajectory (1). In 
the absence of boundaries, therefore, this potential has the value 

Go{xp,tp) = I d'x'di'pQ{x.\t')5{tp-t' -\^p-z^'\/c)/\^P-^'\ (15a) 

/"*-00 

= / . dt'5[tp-t'-R{t')/cyR{t'), (156) 

where R{i') is the function defined in (4) (see e.g. Jackson, Classical Electro- 
dynamics, Wiley, New York 1975). 
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If we use (]) change the iniegration variable t' in (15b) to if, and 
express the resulting integrand in lerms of the qunaLities iniroduced in (3), 
(5) and (6), we arrive at 

dip6[g{ip) - <p]/R{ip). (16) 

•oo 

This can then be rewritten, by formally evaluating the integral, as 

where the angles ^pj are the solutions of the transcendental equation 5((^) = (f> 
in — oo < if < -Hoc and correspond, in conjunction with (1), to the retarded 
tiines at which the source point (r, c^.z) makes its contribution towards the 
value of Co at the observation point (rp, t^p, zp). 

Equation (17) shows, in the light of Fig. 2, that the potential Go of 
a point source is discontinuous on the envelope of the wave fronts: if we 
approach the envelope from outside, the sum in (17) has only a single term 
and yields a finite value for Go, but if we approach this surface from inside, 
two of the 4>jS coalesce at an extremum of g and (17) yields a divergent value 
for Gq. Approaching the sheet © = or ^ = c^>- of the envelope from 
inside this surface corresponds, in Fig, 2, to raising or lowering a horizontal 
line (f> ^ <i>Q const., with < (po < 4>-^^, until it intersects the curve (a) 
of this figure at its maximum or minimum tangentially. At an observation 
point thus approached, the sum in (17) has three terms, two of which tend 
to infinity. 

On the other hand, approaching a neighbouring observation point jxist 
outside the sheet 4> - <f>^ (say) of the envelope corresponds, in Fig. 2, to 
raising a horizontal line <p = 4^o =^ const., with <i>o < <i>-, towards a limiting 
position in which it tends to touch curve (a) at its minimum. So long as it 
has not yet reached the limit, such a line intersects curve (a) at one point 
only. The equation g{ip) = <p therefore has only a single solution ip = ifout 
this case which is diilerent from both {p^ and tp^ and so at which dg/dip is 
non-zero (see Fig. 2). The contribution that the source makes when located 
at V? = (Pout is received by both observers, but the constructively interfering 
waves that are emitted at the two retarded positions approaching ^p^ only 
reach the observer inside the envelope. 

The function Gq has an even stronger singularity at the cusp curve of 
the envelope. On this curve, all three of the v^^s coalesce [Fig. 2(b)] and each 
denominator in the expression in (17) both vanishes £md has a vanishing 
derivative {dg/dip = d'^g/d<p^ = 0). 
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There is a standard asymptotic technique for evaluating radiation in- 
tegrals with coalescing critical points that describe caustics. By applying 
this technique — which we have outlined in Appendix A — to the integral in 
(16), we can obtain a uniform asymptotic approximation to Go for small 
|^_^ - I, i.e. for points close to the cusp curve of the envelope where Go is 
most singular.. The result is 

Gn^" - 2cr^(l - X^)"^[pocos(| arcsinx) - Ci9osin(§ arcsinx)], Ixl < li 

(18) 

and 

Go*"' ~ ci'-U^ - l)"^[po sinh(iarccoshlxl) 

-r cigoSgn(;t) sinh(|arccoshlxi)], Ixl > 1.(19) 

where ci, po, Qo and x axe the functions of (r, z) defined in (A2), (A5), (A6) 
and (AlO), and approximated in (A23)-(A30). The superscripts 'in' and 
'out' designate the values of Go inside and outside the envelope, and the 
variable x equals +1 and -1 on the sheets <f> = <i>^ and <^ = ^_ of this 
surface, respectively. 

The function Go°"' is indeterminate but finite on the envelope [cf. 
(A39)], whereas Go*" diverges like VScj-^Cpo T Ci9o)/(l - x')' as x ±1- 
The singularity structure of Go*" close to the cusp curve is explicitly exhibited 

by 

~ ^(«^/c)(r=f|, - 1)- Scoi (ic - ^)^'/[coH^c - - {<t>c - 4>?]^, (20) 

in which 0 < ic - 2 1, i<6c - ^1 1 and 

Co=-^(f2f|.-l)-Mr|.-l)^(r=-l)^ (21) 

[see (18) and (A22)'-(A26)]. It can be seen from this expression that both the 
singularity on the envelope (at which the quantity inside the square brackets 
vanishes) and the singularity at the CTisp curve (at which f c - i and 4>c- 4> 
vanish) are integrable singularities. 

The potential of a volume source, which is given by the superposition 
of the potentials Go of its constituent volume elements, and so involves in- 
tegrations with respect to (r, z), is therefore finite. Since they are created 
by the coordinated motion of aggregates of particles, the types of sources 
we have been considering cannot, of course, be point-like. It is only in the 
physically unrealizable case where a superluminal source is point-like that its 
potential has the extended singularities described above. 
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In fact, not only is the poienLial of an extended superluminally moving 
source singulariiy free, but it decays in the far zone like the potential of any 
other source. The followins: alternative form of the retarded solution to the 
wave equation VMo - d-Ao/d{ctf = -47rp [which may be obtained from 
(15a) by performing the integration with respect to time]: 



Ao^ .J d^xpfx, ip-\x- xp|/c)/|x - xp| 



(22) 



shows that if the density p of the source is finite and vanishes outside a finite 
volume, then the potential Ao decays like |xp|-^ as the distance |xp - x| - 
]xp| of the observer from the source tends to infinity. 



III. THE BIFURCATION SURFACE OF AN OBSERVER 

Let us now consider an extended source which rotates about the z-axis 
with the constant angular frequency cj. The density of such a source— when 
it has a distribution with an unchanging pattern— is given by 

p{r,ip,z,t) = p{T,(p,z), (23) 

where the Lagrangian variable is defined by ^p-ut as in (1), and p can be 
any function of (r, ip, z) that vanishes outside a finite volume. 

If we insert this density in the expression for the retarded scalar poten- 
tial and change the variables of integration from (r, (p,2,t) to (r, cp,z,t), we 
obtain 

Ao{^p,tp) = / d^xdtp{2c, t)8{tp - f - ix - xp1/c)/1x - xj.| (24a) 
= J Tdrdipdzp{T,<p,z)Go{r,rp,ip- 'pp,z - zp), (24b) 

where Co is the function defined in (16) which represents the scalar potential 
of a corresponding point source. That the potential of the extended source 
in question is given by the superposition of the potentials of the moving 
source points that consititute it is an advantage that is gained by marking 
the space of source points with the natural coordinates (r, ip, z) of the soxirce 
distribution. This advantage is lost if we use any other coordinates. 

In Sec. II, where the source was point-like, the coordinates (r, ip, z) 
of the source point in Go{r, rp,^-^p,z- zp) were held fixed and we were 
concerned with the behaviour of this potential as a function of the coordinates 
{rp,ipp,zp) of the observation point. When we superpose the potentials of 
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the volume elements that constitute an extended source, on the other hand, 
the coordinates {rp, ^p..zp) are held fixed and we are primarily concerned 
with the behaviour of Go as a function of the integration variables (r,<p,2). 

Because Gq is invariant under the interchange of (r, <3, z) and {rp, <pp, zp) 
if 6 is at the same time changed to -0 [see (5) and (16)], the singularity of 
Go occurs on a surface in the (r, <i, z}-s?ace of source points which has the 
same shape as the envelope shown in Fig. 3 but issues from the fixed point 
(TP «3p 'p) and spirals around the z-axis in the opposite direction to the 
envelope [See Fig. 5 in which the light cylinder and the bifurcation surface 
associated with the observation point P are shown for a counterclockwise 
source motion. In this figure, P is located at fp = 9 and only those parts 
of these surfaces are shown which lie within the cylindrical volume r < 11, 
-\l<z- zp< 1.5. The two sheets <i> = 4>~{r, z) of the bifurcation surface 
meet along a cusp (a curve of the same shape as that shown in Fig. 4) that 
is tangent to the light cylinder. For an observation point m the far zone 
(fp » 1) the spiralling surface that issues from P undergoes a large number 
of turns— in which its two sheets intersect one another— bofore reaching the 
light cylinder.] 

In this paper, we refer to this locus of singularities of Go as the bi/ur- 
cation surface of the observation point P. 

Consider an observation point P for which the bifurcation surface in- 
tersects the source distribution, as in Fig. 6. [In Fig. 6, the full curves depict 
the cross section, with the cylinder f = 1.5, of the bifurcation surface of an 
observer located at fp = 3. (The motion of the source is counterclockwise.) 
Projection of the cusp curve of this bifurcation surface onto the cylinder 
f = 1 5 ic shown as a dotted curve, and the region occupied by the source as 
a dotted area. In this figure the observer's position is such that one of the 
points [i = <^c, ^ = -c) at which the cusp curve in question intersects the 
cylinder >•= 1.5— the one with z^ > 0— is located within the source distri- 
bution As the radial position rp of the observation point tends to infinity, 
the separation-at a finite distance z, - z from (<^c, 2c)-of the shown cross 
sections decreases like rp~t.] 

The envelope of the wave fronts emanating from a volume element of 
the part of the source that lies within this bifurcation surface encloses the 
point P, but P is exterior to the envelope associated with a source element 
that lies outside the bifurcation surface. 

We have seen that three wave fronts— propagating in different directions— 
simultaneously pass an observer who is located inside the envelope of the 
waves emanating from a point source, and only one wavefront passes an ot^ 
server outside this surface. Hence, in contrast to the source elements outside 
the bifurcation surface which influence the potential at P at only a single 
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vaJue of the retarded iime, th^s potential receives contributions from each 
of the elements inside the bifurcation surface at three d.stmct values oi the 

'^'^ The^eTe^^ients inside but adjacent to the bifurcation surface, for which 
r diverees are sources of the constructively interfering waves that not only 
Swl It P Simultaneously but also are emitted at the same (retarded) time. 
?hese source elements approach the observer along the radiation direction 
- X wkh the wave speed at the retarded time, i.e. are located at distances 
R{t) from the observer for which 



dR 
dt 



= -c (25) 



[see (4), (7) and (8)]. Their accelerations at the retarded time, 



dt- 



t=tp-R/c 



(26) 



are positive on the sheet <^ = <?- of the bifurcation surface and negative on 

^ " '^?he source points on the cusp curve of the bifurcation surface, for which 
A - 0 and all three of the contributing retarded times coincide, approach 
the'observer-according.to (26)-with zero acceleration as well as with the 

"'"prom a radiative point of view, the most effective volume elements of 
the super" minal source in question are those that approach the observer 
Ing the radiation direction with the wave speed and zero acceleration at 
fhe retarded time, since the ratio of the emission to reception tirne mter^ 
for the waves that are generated by these particular source elements generally 
Ixceeds unTy by several orders of magnitude. On each constituent ring o the 
ou f distribution that lies outside the light cylinder (r = c/u) m a plane 
of relation containing the observation point, there 

that approach the observer with the wave speed at the retarded t me. one 
whose dltance from the observer diminishes with positive acceleration and 
Mother for which this acceleration is negative. These two elements are clos^ 
^ one another the smaller the radius of the ring. For the smallest of su^ 
Constituent rings, i.e. for the one that lies on ^'f^^^^^^^^^^Z 
volume elements in question coincide and approach the observer also with 

Thf'h "constituent rings of the source distribution (those on the 
plan Jof rotation which do not pass through the observation point) likewise 
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■ ,wo such elements if their radii are large enough for their velocity 
^e" o have a cot" ne„t along the rac,at,on direction equal to c. On the 
Zll^- Dossible ring in each plane, there i^ again a smgle volume e ement- 
ITfhe toWng position of the two coalescing volume elements o tne neigh- 
bouring Tiger rings-that moves tcwa.cs the ooserver not only w,th the 
Z^^A hnt also with zero acceleration. 
?o any given observation point P, the effiaently radiating pa:rs of 
^ . Lments on various constituent rings of the source distribution col- 
volume ^^r'^^'l'^^^J^. ,f bifurcation surface associated with 
t 11 nt^rsLts the source distribution. The locus of the coincident paars 
. tint elerent^^ is tangent to the light cylinder at the point where 
of volume elen^ent containing the observer, constitutes the seg- 
::.ent°Tthe cut c^^^^^^^^^^^ bifurcation surface that lies within the source 

distributing bifurcation surface associated with any given obsen.-t^n 
inus source into two sets of elements with. dif-. 

Gp.TGp on^e source elements inside and outside the 

See hTve different forms: the boundary \x{r, rp, 'P-JPP, r- = 1 between 

[re^^om^nsofvali^^^^^^^ 

the observation point (rp, ^p, .p). is fixed and the coordmates (r, ^, z) of the 

'''''V^f^V^el^^ the scalar potential correspondingly splits into 

the fonotiTtwo terL when the observation point is such that the bifurca- 
tion surface intersects the source distribution: 

where dV H rdrd^dz, M„ and Ku. designate the portions of the source whidn 
Tall Ls^e and outside the bifurcation surface (see Fig. 6), and Go and Go 
^PT,ite the different expressions for Go m these two regions. 

Note that the boundaries of the volume depend on the position 
r - - Tof the observer: the parameter fp fixes the shape and size of 
bif^ a ion su^fac^^^^^^^ the position (rp, ^p, .p) of the observer specifies 
the biturcatioD iuii<ii,c, c„r-Vrp men the observation point 

'"'■r^arth: cVsrSl:Tth b~ mtersects the source 

airrt:?on, th: :« is bounded by = -d .he pan of 
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r.. boundarv oir <s. =) = 0 that falls within the bifurcation surface. 
Therresponrng is bounded by the sanne patches of the two 

The corresp ^ , remainder of the source boundary, 

sheets of the bi~ns^ cusp curve' (12), i.e. for 1^. - ^1 « 1 and 0 < - 
i < 1 the cross section of the bifurcation surface with a cylinder r=constant 
is described by 

i - l)J(ri - l)hf%r' - l)-Hzc - i)' . (28) 

f and (A26)]. This cross section, which is shown in Fig. 6, has 

: ii^cLe; m^ttiig at ihe intersections of the cusp curve with the cyhnd_er 
- constant whose separation in ^at a given (ic - z)-diinimshes hke Vp 
in the nmU r/-^ oo.' Thus, at finite distances - i from the cusp curve 
r to ThU , = and . = of bifurcation -fa- -1^^^^^^^^ 
become coincident with the sunace <p =j^(^- + <t+) - C2 as c« 

B^L"cm^^^ towards the value of the radiation 

.eld fomnom those source 

i t. Zcusv curves of whose bifurcation surfaces intersect the source 
^'''^ . nn FoTsuch observers, the Green's function lim.^^oo Go undergoes 
Itmp discon~ac^^^^^^^^ the' coalescing sheets of the bifurcation surface: 
the value of X on the sheets c> = and hence the functions Go 
IVcPuJ^^rem^^^ different even in the limit where <^ = <?i_ and 0 = 
coincide [cj. (AlO) and (A39)]. 

IV DERIVATIVES OF THE RADIATION INTEGRALS AND THEIR 
HADAMARD'S FINITE PARTS 

A. Gradient of the scalar potential 

Tn this section we begin the calculation of the electric and magnetic 
fields bv fi^d ng the gradient of the scalar potential Ao, i.e. by c^culat- 
fnt the'derivtSves of The integral in (27a) with respect to the coordinates 

^^^^::l:P^^^l^O. ^ ^ classical function, then the inte- 
^al in (2 a) fs^mproper and cannot be differentiated under the m egral sign 
^•fv,l°,t Chirac TrLng and dulv handling the singularities of its integranci 
ofthe ^her^^^^^^^^^ -S-^ as a generalized function, then it would 
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be n.athen:atically permissible .o interchange the orders of different.auon 
^T.A intPPraLion when calculating pAq. . , ... 

ThStnterchange results in a new kernel VpGo -hose smgulant.es ar 
non intejable. However, the theory of generalized unctions prescribes a 
wen deS procedure for obtaining the physically relevant value of the re- 
lit nf^^^^^^^ i^^egral, a procedure involving integration by parts wh.ch 
e^trac'ts he so-called Hadamard's finite part of this ntegral (see e g_Hosla^ 
TnTalled Functions, Ellis Horwood, London 1979). H ad amard's finite part 
of the d ':^^^^^^ -^-S-^l representing Vp>lo yields the value that we wou^ 
have obtained if we had first evaluated the original integral for Ao as an 

---rr ^^^^^^^^ — 

difi"erentiation of (27a) yields 



(29a) 



Since 0 vanishes outside a finite volume, the integral in (27a) extends over aU 
vdues oa?, CP, ^) and so there is no contribution from the limits of integration 

^^^"^he't":^^^^^^^^^ LTtfe^above integrals may be obtained from 
ri6) Tpply ^g V^P right-hand side of (16) and -terchanging he 

llders of differentiation and integration, we obtain an mtegral representat on 
Z% Ig: consisting of two terms: one arising from the differentiation of R 
Jideca^liS as rp =c and so makes no contribution to the field 
Tn S a tati~. and Mother that arises from ^^^.^^f-^^-^-^ 
Sirac delta function and decays less rapidly than rp'^. For an ohser^t^n 
^St in the radiation zone, we may discard terms of the order of and 

write .-i-oo ^ , /on> 

VpGo=(a./c)A d-^R''S'{9-4>)n, rp»l, (30) 

J — oo 

in which 5' is the derivative of the Dirac delta function with respect to its 
argument and 

n = erArp - r cos(<p - <pp)]/A + e^^/rp + e^A^P " ^)/^- (^1) 

Equation (30) yields V^Go'" or VpGo^^ depending on whether 4> lies within 
the interval {<f>-,4>^) or outside it. 
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If we now msert (30) in (29b) and perform the .ntegra..ons wkh respea 
to <3 by parts, we find that 

0). = (-/^) J/^H-V^^^^C 



[VpA 
and 



fp 2> 1, 
(32) 



^ {^1'- +j^^)d<i>dpld^Gr% rp » 1, (33) 

in which 5 stands for the projection of V. onto the (r,z)-plane, and G.^ 
and Gi°"' are given by the values of 

for * inside and outside the intend <^y/*l''^J^^';;^X-j^,^iion surface 
d> = where 95/t^</' vanisnes, 

[i :^Srt»"^^^^^^ =1uantit. PM(V..„,,.) 
(32) .w^^^ ° ° zone— of the volume integral m (32). 
consists— m the lar zone— vj which the CTisp curve of the bi- 

Let tis choose an observation P°^"^,.^°/.r?,\'°,73^^ Z 6). When the 
r^r>^ ;TitorciPcts the source distribution i,see ng. 
furcation surface '^^^l^^f' ^^^ negligibly smaller than those of the bifor- 
dimensions L) of the ^^^^^ so z - « rp throughout the source 

cation surface (i.e. when L ^ and so approximated by 

^^^"^^^^ (A^-) in th^e vkity of the cusp cu.e 

'Sdfng^to (A34), (A36) and .(A44), g£ decays Mc^^ 
. • +v,o K;fnrration surface where umHp-^oo X a^^^**^ 
at points interior to the '>*'="'^^^^^^^^ , ^j,^ bifurcation surface dimimshes 

rr'XT ute le"^: it therefore foiiows that the voiun^e 
. in 2) is of the order ofl x a result which can also be inferred 
Cthe fi-field vision of (A34) by explicit integration. Hence, 



Fp{(Vp^0)in} = O(fp^), 
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decays too rap.diy « mak. any contributic. towards the value of the electric 
field in the ^^<^'"r ,o G,", finite on tl>e bifurcation surface, 

^.'"'"'Le'and th voTm "n^ on right-hand side of (33) have 

both the ^te second tern, has the same structure as 

finite values. E»d> "mp°"e ^.^^ ^^^^ 

''"''^roTs n) B he Sst term-which would have cancelled the 

r:SHh= 

bifurcation surface: 

I rdrd. [.G,-] ~ |c,- / .<ir<irtp,(pU. - p|,.) + 2c.,.(pU, + pU- ^ 
I. this limit, the two Sheets of the bifur-ti^^n surf^e a,e .^^^^^^^^^^ 

functaons pU= appearing m °. , pw,(r,2) on these coalescing 

approximated by their common hmjtmg value p^^yr, ) 

^^^^''^r. th^ function-^ pL are approximated by PbsCr, z) and qi by (A41), 
. 7^6^ V r^xp^ssion which can be written, to within the leading 
equation (36) yieias an exprwa (A45) , as 

order in the far-field approximation rp » 1 Isee an ^ 

X d£(zc - z)"^Pbs(7-,-z). 

^2§(c/u;)2f;' pdf(f=-l)-in,(Wc)nPbs), (37) 

with /•! ,ngN 

° 

r <^ r < - and < r < r> are the intervals over wliich 
where 2c - -^iC^) < 2 < -c ana r< _ - > • / pj-. 5). The 

the bifurcation surface intersects the source distribution (see irig ) 
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In ^ fr^ mav be interDreied. at any given r, as a weighted average— 
Z L«'ri«:^rof ti. .o^^^^l sh«U of m^^.. surface w.h 

the plane z = - ^'-^tT^^^^-i a. ^ o=. The sec 

The right-hand siae of (37 j deca}S ukb rp f 
ODd term in (33) thus dominates the first term m th.s equation, and so the 
™anttt"(V;Ao)o„ itself decays like r." .o the far .one. 

B. Time derivative of the vector potential 

Inasmuch as the charge density (23) has ai: unchanging 
patteJ^Tn the (., ^, .)-frame, the elecnc current density associated w.th the 
moving source we have been considering is given by 

j(x,t) = rtL;p(r,i^,2)e^, ^^^^ 

Lt^rrjtu^st;^'-^:.^^^^^^^ 

'tt: =1a?^n^ ^ teloJ ;ortircr *ondin. to 
(24a) has the form 

A(xp,t^)=c-^ / d^xdtj(x,t)5(t^-t-lx-xpl/c)/!x-xpl. (40) 

If we insert (39) in (40) and change the variables of integration from (r, ^, z, f ) 
to(r,ss,2,'^). asin(24),weobtam 

A = y" dVfpij, <f, 2)G2(r, rp,<f>-<PP,z- zp), (41) 

in whcih dV = rdrd^dz, the vector G,-which plays the role of a Green's 

function — is given by 

9 and are the same quantities as those appearing in (17) (see also 
Because (17), (34) and (42) have the factor \S9/^'^r'in ':o^'^''^. the 
functil <^=ri— nScn^./r™ J:::.!^^ Spro^aihe'd 
Side", :^d ^tt m~iron ?h'e Lp curve of the ^furcation surface 
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where in addition d^g/d^^ = 0. k is, moreover, described by two different 
expressions, G2'" and Gz""', inside and outside the bifurcation surface whose 
asymptotic 'values ic the neighbourhood of the cusp cui-ve have exactly the 
same functional forms as those found in (18) and (19); the only difference 
being that po and go in these expressions are replaced by the ps and q2 given 
in (A37) (see Appendix A). . , ^ v 

As in (29), therefore, the time derivative of the vector potential has the 
form dA/dtp = {dA/dtp)-,^ -r {dA/dip)out with 

(5A/5fp)i„,out = -u; / <fyfpaG2'"'°"V5^P (43) 

when the observation point is such that the bifurcation surface intersects the 
source distribution. 

The functions 02'"^°"* depend on tpp and ip in the combination (p-(pp 
only. We can therefore replace d/dtfp in (43) by -d/d^ and perform the 
integration with respect to by parts to arrive at 

[dA/dtp)^. = cf^dTdzf^{[pG,^-Y^^^^^^ (44) 



and 



^ ^ ^ J*^- ^ci4>dp/d<pG2°'''-} . (45) 

For the same reasons as those given in the paragraphs following (32) and 
(33), Hadamard's finite part of {dA/dtp);^ consists of the volume integral 
in (44) and is of the order of fp^ [note that according to (A37) and (A42), 
P2 » ciqj and Pa/ci^ = 0(1)]. The volume integral in (45), moreover, 
decays like as does its counterpaxt in (33). 

The part ol dA/dtp that decays more slowly than conventional contri- 
butions to a radiation field is the boundary term in (45). The asymptotic 
value of this term is given by an expression similar to that appearing in (36), 
except that pi and qi are replaced by ps and qj; Once the quantities p\^^ 
and qj in the expression in question are approximated by Pbs and by (A42), 
as before, it foDows that 

{dA/dtpUt ~ -c J^dTdzf- [pG2°"']**- ~ -Ic/j drdzf 2pbsci-'q2 

^ -4(c=/u;)f;^e^, drf^f^ - 1)"^ /i'_x.,Wc " ^)-^P^3<46) 
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This behaves like '^s fp oc since the i-quadrature in (46) has the 
finite value 2{L,u/c)Hp^s) in this limit [see (37) ei seg.]. 
Hence, the electric field vector of the radiation 

E = -Vpvlo - dA/dictp) c-^{dA/dtp)oux 

^ 2l^cMf-H^, drrHr^- - l)' HUu j c)Hp^.) (47) 

itself decavs like r^-^ in the far zone: as we have already seen in Sec. IV(A), 
the term Vp>io hi the conventional rate of decay rp-^ and so is negligible 
relative to {dA/dtp) out- 

C. Curl of the vector potential 

There are no contributions from the limits of integration towards the 
curl of the integral in (41) because p vanishes outside a f ^ate vo ume and 
so the integral in this equation extends over all values of (r,^,z). Hence, 
differentiation of (41) yields 

B = Vp X A = Bin + Bout, (^8a) 

"^"^^'^ f r- ^ (486) 

Bin.out = / dVrp^p X G2 . {^^0) 

^ Via, out 

Operating with Vpx on the first member of (42) and ignoring the term 
fh^t decays like rp-\ as in (30), we find that the kernels Vp x G.™ and 
VpTch of (48b) are given-in the radiation zone-by the values of 

Vj, X G2 (u/c) d^R-^h'[,g - 4>)n x e^, fp » 1, (49) 

for ^ mside and outside the interval (o-.<l>^). respectively. 1* is the unit 

'"'"l^.Sol of '(«)■' in (48) now yields expressions whose ^-quadratures 
can be evaluated by parts to arrive at 

s 



Bin 

and 
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where G3'" and Gs""' s'.and for the values of 

G3 ^ r°°d^R-'5(9 - 9.)n X e, = 5: R-'\dg/d^rn x e, (52) 

J —CO V>—V>j 

inside and outside the bifurcation surface. ,0 1 1 • ^ in 

Once again, owing to the presence of the factor \dgld^\-' in Ga'", 
the first term in (50) is divergent so that the Hadamard's finite part of Bin 
consists of the volume integral in this equation, an integral whose magnitude 
is of the order of f'' [see the paragraph. containing (35) and note that 
accroding to (A38) and (A44), ps » c.qa and ps/cf^ = 0(1) • The second 
t^rm in (51) has-like those in (33) and (45)-the conventional rate of decay 
Moreover, the surface integral in (51)-which would have had the same 
magnitude as the surface integral in (50) and so would have cancelled out 
S t^ expression for B had G3- and Ga"- matched smoothly across the 
bifurcation surface-decays as slowly as the corresponding term in (45). 

The asymptotic value of G3 for source points close to the cusp curve of 
the bifurcation surface has been calculated in Appendix A It follows from 
this vXe of G3 and from (51), (52), (A40), (A44) and (A45) that, m the 
radiation zone, 

^ 4(c/u;)f;^ JT; drf^{f^ - 1)-^ f!:-L../c'^^i^c - zrh^^nz (53) 

to within the order of the approximation entering (37) and (46) 
• The far-field version of the radial unit vector defined m (31) assumes 

the form ^ — 2\^x (^a^ 



on the cusp curve of the bifurcation surface [see (12b), (13) and (A27), and 
note that the position of the observer is here assumed to be such that the 
segment of the cusp curve lying within the source distribution is described 
The expression with the plus sign in (12b), as in Fig. 6]. So, m equak 
fix e^, in the regime of validity of (53) [see (A45)]. Moreover, n can be 
replaced by its far-field value 



(55) 



if it is borne in mind that (53) holds true only for an observer the cusp curve 
of whose bifurcation surface intersects the source distribution. 
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o n in (53) - aoproxin.at.ed by n x e«,, and the resulting i- 
Once na m ^oJj - apf. ^ , , v f38)l this equation reauces 
quadrature is expressed m ternis of (Pos) [see (JS)J, tnis q 

^° B~nxE, (56) 



. •= rh. electric neld vector earlier found in (47). Equations (47) and 

field whose polarizat.on vector lies along the 

'^""i?'t:"r:'i;'a: b:rno'contribuUon toward the values of E and 
Note that tnere nd». uc nuantities have arisen in the 

B from ^;Z^r^^ the values of the 

above calculauon ^"^^i^, ^^^^ou. o.. ^^^^^ coalescing sheets of 

Green's functions ^^J' obtained the same results had we 

the bifurcation surface, ^^^^^^'^^^^''f °° TT^ . y. from the dom^ 
simply excised the vanishingly small volume lim.,-.=c V.n trom tne 
of integration - (^9) (43) and (48)^ ^^^^^.^^ ^^^^ ^^^^^^^ 

pears in conventional radiation '^^^l^^^f^'^f^^^^^^ and of their en- 
?equirement that the ^^^^^^^J"^^^^^^^ fields that are 

;^t\r rs^-cIltS surface in^als rather than by the 
conventional volume integrals that decay like r, . 

V. A PHYSICAL DESCRIPTION OF THE EMISSION PROCESS 

/^-N A t^f:^^ for the electric and magnetic fields of the 
and (39) imply tl>« foUowmg Poynting vector 

the volume of the source and (p) its average & coherent 
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corre^oonding source thai moves nnore siowiy than the waves it emits. There 
ar source eie'^ents in the forn^er case that approach the observer along the 
rldiation direction with the wave speed at the retarded tin^e^ These he on 
he m ersection of the source distribution with what we have here called the 
bifurcation surface of the observer (see Figs. 5 and 6): a surface issuing from 
^e pos tion of the observer which has the same shape as the envelope of 
th wave fronts emanating from a source element (Figs. 1 and 3) but which 
spirals around the rotation axis in the opposite direction to this envelope 
a^d resides in the space of source points instead of the space of observation 

^°'°^The source elements inside the bifurcation surface of an observer make 
their contributions towards the observed field at three distinct instants of 
the retL-ded time. The values of two of these retarded times coincide for an 
interior sourc element that lies next to the bifurcation surface. Thos hmit- 
value oTthe coincident retarded times represents the instant at which the 
component of the velocity of the source point in question equals the wave 
spX the direction of the observer. The third retarded time at which a 
so^ce point adjacent to-just insid^the bifurcation surface makes a con- 
tribution is the same as the single retarded time at which its neighbourmg 
sotce element just outside the bifurcation surface makes its contribution 
towids th^ observed field. (The source elements outside the bifurcation sux- 
Sce make their contributions at only a single instant of the retarded time). 

At the instant marked by this third value of the retarded time, the 
two neighbouring source elements-just interior and just exterior to the bi- 
Trcatton surfaci-have the same velocity, but a velocity whose component 
l^rnt the radiation direction is different from c. The velocities of these ^o 
Sbouring elements are, of course, equal at any time. However, at the 
S they apVoach the observer with the wave speed, the element mside the 
b "urcatTon surface makes a contribution towards the observed field wM the 
one outside this surface does not: the observer is located just mside the en- 
velope o the wave fronts that emanate from the interior source element bu 
rit outside the envelope of the wave fronts that emanate from the exterior 
one Thus the constructive interference of the waves that are em.t ed by 
the source element just outside the bifurcation surface takes place a ong a 
caustic which at no point propagates past the observer at the conical apex 
of the bifurcation surface in question. 

On the other hand, the radiation effectiveness of a source element which 
approaches the observer with the wave speed at the retarded time is much 
™ter than that of a neighbouring element the component of whose velocity 
Song the radiation direction is subluminal or superluminal at this time. This 
S because the piling up of the emitted wave fronts along the line jommg the 
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source and the observer makes the rat.o of emission lo reception time mtervals 
for he contributions of the luminaliy moving source elements oy many orders 
of magnitude greater than that for the contributions of any other elements^ 
AsTresult the radiation effectiveness of the various constituent elements 
of the source (i.e. the Greenes function for the emission process) undergoes 
a dTscontinuity across the boundary set by the bifurcation surface of the 

observer. . r ..u 

The integral representing the superposition of the contributions of the 
various volume elements of the source to the potential thus entails a discon- 
^ous intec^and. When this volume integral is differentiated to obtam the 
field th Scontinuity in question gives rise to a boundary contnbution m 
the form of a surface integral over its locus. This mtegral receives contn- 
butiorTfrom opposite faces of each sheet of the bifurcation surface whach 
do no? cancel one another. Moreover, the contributions axismg from he 
exterior faces of the two sheets of the bifurcation surface do not have the 
s^T^ue even in the limit Hp ^ oc where this surface is infinitely large 
a^so its two sheets are-throughout a localized source that intersects the 
^sV^oalescent. Thus the resulting expression for the field m the radiation 
zonr^tails a surface integral such as that which would arise if the source 
were two-dimensional, i.e. if the source were concentrated into - ^-^^^ 
thin sheet that coincided with the intersection of the coalescing sheets of the 
bifurcation surface with the source distribution. 

For a two-dimensional source of this type-whether it be real or a vir- 
tual one whose field is described by a surface integral-the near ^one (the 
Fre nel regime) of the radiation can extend to infinity, so that the amphtudes 
of the emitted waves are not necessarily subject to the spherical spreading 
that normally occurs in the far zone (the Fraunhofer regime). The Bresnel 
distande which marks the boundary between these two zones is given by 
D T 2 /Lh in which Lj. and L„ are the dimensions of the source perpen- 

di^uTar ^nd ^-^^^^^^^^^ ^^Th^'fo^e 
overTsurface and so has a dimension L,, that is vanishmgly small, therefore. 

the Fresnel distance Rf tends to infimty. 

the present case, the surface integral which arises from the disconti- 
nuity in the radiation effectiveness of the source elements across the bifurca- 
tion surface has an integrand that is in turn singular on the cusp curve of this 
surface This has to do with the fact that the source elements on the cusp 
Jrve of the bifurcation surface approach the observer along the radiaUon 
direction not only with the wave speed but also with zero acceleration. The 
ratio of the emission to reception time intervals for the signals generated by 
these elements is bv several orders of magnitude greater even than that for 
the elements on the bifurcation surface. When the contributions of these 
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element.s are included m the surface integral in question., i.e. when the obser- 
vation point is such that the cusp curve of the bifurcation surface intersects 
the source distrbution (as shown m Fig. 6), the value of the resulting im- 
proper integral turns out to have the dependence Rp ^ rather than Rp' , 
on the distance Rp of the observer from the source. 

This non-spherically decaying component of the radiation is m addi- 
tion to the conventional component that is concurrently generated by the 
remaining volume elements of the source. It is detectable only at those ob- 
servation points the cusp curves of whose bifurcation surfaces intersect the 
source distribution. It appears, therefore, as a spiral-shaped wave packet 
with the same azimuthal width as the (^extent of the source. For^a source 
distribution whose superluminal portion extends from r = 1 to r - r> > 1, 
this wave packet is detectable— by an observer at infinity-within the angles 
Itt - arccosf;^ < dp < ^tt -r arccosf;^ from the rotation axis: projection 
n 2b) of the cusp curve of the bifurcation surface onto the (r,2)-plane reduces 
to cot dp = (r^ -1)^ in the limit Rp oc, where 9p = arctan(rp/2p) [also 

see (54)1. r v i 

Because it comprises a collection of the spiralling cusps of the envelopes 
of the wave fronts that are emitted by various source elements, th^ wave 
T^acket has a cross section with the plane of rotation whose extent and shape 
match those of the source distribution. It is a diffraction-free propagating 
caustic that-when detected by a far-field observer— would appear as a pube 
of duration A<p/u. where A<p is the azimuthal extent of the source. 

Note that the waves that interfere constructively to form each cusp, 
and hence the observed pulse, are different at different observation times: 
the constituent waves propagate in the radiation direction n with the speed 
c whereas the propagating caustic that is observed, i.e the segment of the 
cusp curve that passes through the obser^-ation point at the observation time, 
propagates in the azimuthal direction e^, with the phase speed rpi^. 

The fact that the intensity of the pulse decays more slowly than pre- 
dicted by the inverse square law is not therefore incompatible with the con- 
servation of energy, for it is not the same wave packet that is observed at 
different distances from the source: the wave packet in question is constantly 
dispersed and re-costructedted out of other waves. The cusp curve of the 
envelope of the wavefronts emanating from an infinitely long-lived source is 
detectable in the radiation zone not because any segment of this curve can be 
identified with a caustic that has formed at the source and has subsequently 
travelled as an isolated wavepacket to the radiation zone, but because certain 
set of waves superpose coherently only at infinity. 

Relative phases of the set of waves that are emitted during a limited 
time interval is such that these waves do not, in general, mteriere construc- 
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1 ^ ,,r,':i thpv have propagated some distance 
Uveiy xo form a -P^^ "^'^/^r.; wh L of'.av. has a cusped 

.way from 'l-^J""?! J^^'e ^ a t,.riod^ train of non-sphencally dacaymg 
envelope and =° \ d^,,t,on if the source is shor.-hved. 

^ 0'- observers for a limited ioterv^ of t.me. 

V, DESCRIPTION OF EXAMPLES OF THE APPARATUS 

in Figs. 7(a) and 7(b). dielectric rod 1 of length 

Referring to the example of Fig- ^(aj, a ^ one another 

i is provided with an array of electrodes 2; 3 ^anged opp ^^^^^.^ 

Ll^g its length with r^l^^- fby^t^e de^troiiT's, with pair of 
is applied across the '.j^.ed in turn to generate a polarisation 

electrodes 2, 3 ^-'"^^^l^^^^'''^^^^^^^ and Removal of a potenti^ 

region with the .^^^'^l^^^d region can be set in accelerated 

voltage to electrodes 2, 3, '^''^^"^'^^^^^^^^ a voltage across a pair of 
n^otion with a -P-^^™^^!^, J ^"'^^".l.e rod between the electrodes. The 
electrodes polarises -the ^"^f^^'fj^J^^^^^ ,tat the distribution pattern 
electrodes can be controlled ^^f^^^^^^''^^^^^ ^ong the rod is controlled, 
of polarisation of the rod a. a funct on o length ^ g ^ ^^^^^^ ^^^^ 

By varying the -^^^^^ ^^^^^^^.^^f p^f 'example, neighbouring elec- 
this polarisation pattern is set m ' between them, start- 

..ode'pairs can be turned on ^^^^ ^ sna^slt in time, part of the rod 
ing from one end of the rod. pai,3 with a voltage across 

is polarised (that part lymg J^^^^^f ° jj^^g between electrode pairs 

. them) and part of it is .P°^^^^^^^^^^^^^^^ separated by "polarisa- 

without a voltage- across ^.^^^^^ J^f^'f ^f). With suitable choices of n 
,,,, fronts" which -^^^^ ^^^^^^^^^^^ ^'^i ,0 move at any speed (including 
and Ai the polarisation fronts m polarisation fronts can 

speeds faster than the speed .^^f xnja^^^^^^^ ^.^^ 
be accelerated through the speed of ^ ^^^^^^^/^.dulating the ampli- 
High-frequency radiation may ^l^^'^^^l"^^^^^ n that exceeds 
tude of the resulting, P^^--^'^",,^^^^^^^^^^ the spherically 

a/c, where a is the ^^^'^^^^^^^^^ then extend to frequencies that 
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modulation may be achieved by varymg .ne ampHtudes of the voltages that 
are applied across various electrode pairs all m phase. 

Fi^re 7(b) shows another example of the invention, the one analysed 
^Knv/ In this example, the dielectric rod is formed m the shape of a rmg. 
F^Zre 7(b) i a plan View showing electrodes 2, and has electrodes 3 disposed 
bS the rod 1 For a ring of radius r and a polarisation pattern that moves 
below the ro freauency u, the velocity of the cnarged 

"To^isVl B t Js^ is o-ater than the speed of light c so that the 

movine polarisation pattern emits the radiation described with reference to 
?^^res Tto 6. An azimuthal or radial polarisation current may be produced 
bWisplacing the plates of each electrode pair relative to one another, 
by displacing v „„:^>,Kn„rmff electrode pairs have the same time 

The voltages across neignbourmg eiecoruuc >>a^o 
H^nendence (their period is 27r/u.) but, as in the rectilinear case, there is 
ft^^e X nee of between them. The polarisation pattern must move 
a tune ^ . ^^3^ ^ove rigidly with an unchanging shape; 

be the cieTnkt = 2.N/u, where n is the number of electrodes 
Slid the ring and N an integer. Within the confines of this condition, the 
UmrdependTnce of the voltagf across each pair of electrodes can be ^osen 
It will The exact form of the adopted time dependence would allow, for 
«a^pie the generation of harmonic content and structure in the source 
TsTthe recfilinear case, modulation of the amplitude of th:s source^ 
a frequency CI would result in a radiation whose spectrum would contam 
freauencies of the order of (a/u;)^^. 

^ The electrodes are driven by an array of similar oscillators, an array m 
which the phase difference between successive oscillators has a fixed value. 
There are several ways of implementing this: 

a^ingle oscillator may be used to drive each electrode through progres- 

^^^^^CSctode paT; may be driven by an individual oscillator in an array 

°^ '""T^lulZ^^^^^ connected to points around a circle of radius 

. whic^ lies within-and is coplanar with-an annular waveguide, a waveg- 
^ile who'e normal modes include an electromagnetic wave tram that prop- 
agateT longitudinally around the circle with an angular frequency u; > c/r. 
' For a dielectric rod in the shape of a ring of diameter 1 m, oscmators 
,Hr,^ at a freauency of 100 MHz would generate a superiummally movmg 
Xtat on patte'^^^^^^^^ required oscillator frequencies are easily obtamab le 
^iTstandaxd laboratory equipment, and any material with an appreciable 
pTa iS^^ty at MHz frequencies would do for the ^f^^-^^f^^^^^'^^l 
nf the resulting polarisation current is in addition modulated at 1 GHz then 
1 devTce wo;rd radiate at ~ 100 GHz. The efficiency of this emission 
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size oTlhe device wouid be about 10 c:r. across; applications den.andmg 
portability are therefore viable. 

VII. APPLICATIONS 

A. Medical and biomedical applications 

The present invention may be exploited to generate waves which do 
. J™ themselve^ into a focused pulse until they arrive at their mtended 
^Lt naUon S whlcL subsequently remain in focus only for a^ adjustable 
fnTe^ei of tSl a property that allows for applications in various areas of 
TTiPdical Dractice and biomedical research. 

Exiles of its use in tbarape^tic medicine are: (i) the select.ve .rra- 
diatiof oTdeep tumours »Ulst sparing surrounding normal tassue and (u 
diarion oi ucc^. .u^^mor^^ntprv removal of thrombotic and embolic 

t;~t?rm es™ abnormaUties in biood dotting without 
vascular lesions that may diagnostic medicine are absorption 

"'n'"cow7ocSnTa Wdban' ple wTthin a tissue some frequencies 
spectroscopy ' ^nd three-dimensional tomography (mappmg 

° TatleTegioi oS«te« w"hi^ the body to high levels of resolution). In 
specifiable regions 01 powerful alternative to confocal scan- 

S°ng S^osc^t^rrgfe superlu^minal aerial being used as an X-ray 

The envelope of the wave fronts emanating from a volume element of 

S'fib-thS^^^ 

The two sheets of this en^eJ°P« \^ ^ jj^ited duration, the envelope 
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tions of a particuiar sei of wave fronts that are emitted during a short time 
interval. They include times at which the envelope has not yet developed a 
cusp [(a) and (b)], has a cusp [(c)-(e)], and has ahready lost its cusp (f). 

A source with the life span 0 < i < T gives rise to a caustic, i.e. to a set 
of tangential wave fronts with a cusped envelope, only during the following 
finite interval of observation time: 

M{M^ ' l)l/c < tp < M[M-{1 + aT/u)^ - l]Z/c, (58) 

where M = ^^/c and / = c'/a with u, c, and a standing for the source 
speed at i = 0, the wave speed, and the constant acceleration of the source, 
respectively. For aT/u <^ 1, therefore, the duration of the caustic, SM^T, is 
proportional to that of the source. 

Moreover, a cusped envelope begins to form in the case of a short-lived 
source only after the waves have propagated a finite distance away from the 
source. The distance of the caustic from the position of the source at the 
retarded time is given by 

=/3pi(/3p3 - i)Z, (59) 

where 0p = (w-f atp)/c and ip is the observation time. This distance can be 
long even when the duration of the source is short because there is no upper 
limit on the value of the length I (= c^/a) that enters (58) and (59): I tends 
to infinity for a 0 and is as large as 10^^ cm when a equals the acceleration 
of gravity. Thus Rp can be rendered arbitrarily large, by a suitable choice of 
the parameter /, without requiring either the duration of the source (T) or 
the retarded value {Pp^ c) of the speed of the source to be correspondingly 

This means that, when either M or Ms large, the waves emitted by a 
short-lived source do not focus to such an extent as to form a cusped envelope 
imtil they have travelled a long distance away from the source. The period 
during which they then do so can be controlled by adjusting the parameters 
M and T. 

The collection of the cusp cxirves of the envelopes that are associated 
with various source elements constitutes a ring-shaped wave packet. This 
wave packet is intercepted only by those observers who are located, during 
its life time (58), on its trajectory 

' ^^iPpi-Dl C=i/3p'-i/5p'-M, (60) 

where ^ represents the distance (in units of /) of the observer from the rec- 
tilinear path of the source, say the z-axis, and C stands for the difference 
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= - - - ui - hat"^ of the source point 
between the Lagrangian coord.na.es . _ ui 2 
oetwee.i^ _^ . 2 .^e observation pomt. 

Tt Ts possible to lirr.it the spa.:al extent of the wave packet enjbod>^ 
• . th. LLamplitude pulse by enciosing the path of the source wjthm 
ing the 1^S« P ^i^.^ ^ ^^,,ow slit parallel to ,ts axis, a slit 

:?^r/a^ an - ^^^^^^^ -^>' °' the ring-shaped wave 

acting as an volume occupied by the result- 

Cre^^r^c^^.d'^t.e: 1^:2... adiustins the width of the 

^ea^e Ini the longitudiBal extent of the scarce distnbufon. 

B. Compact sources of intense broadband radiation 

1„ the near 2one, the radiation that is generated by the inventtan 
^ .If to have many features in common with synchrotron radiation. 

M\:r^P^.mentr;re^e^^^^ carried out at large-scale synchrotron f^..t.es 

rrntl* be P-fo-ed by mear. o^a po.3r..at,on ^^^ -^ 

.be ^^'^^^\^:ZiT^^^,'^J l,r.: ifma^; scientiEc ^aSd industrial 
Lr^g LTpearo^opy, in semiconductor lithography at v^- £ne length 
^ and in silicon chip manufacture involving UV techmques. 

The spectnnn of the radiation generated in a polanzat,on synchrotron 
: ,„ freouencies that are bv a factor of the order of (cfl/a)' higher 
l^t Z^'^^c frequency h of the fluctuations of the source rtsdf (c 
r« are speed of light and the -e>-f '-^^'^J rSCToTZhSe 

^'Troo«e~d vol^g tbi oscinaies wi?h the frequency ~ 10 MH. It the 
Sipmudfof the resulting polanzation current Is In addition modulated at 

■^nn MHz then the device would radiate at ~ 1 itiz- 
~ In th 'case of the source elements that approach the observer with the 

^ J( _ i)Ha5tp/c)-i , where u is the retarded speed of the source 
by 23 (« /c ijMaoip/w . increases without bound as a 

3nd a its "---/-jSTwha'^TheX^TS^^^ 
S'^raSns o7tt sTu;ce may be, therefore, it is possible to push the 
poral fl"*^""™ soectrum of the emitted radiation to arbitrarily high 
S^ue'r y m^tagTh?^eleration a small, .[Note that the emission pre 
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exactlv eouals zero, even in the limit a 0.] 

The relationship between ci and cip Ss 6tp =r if the source 

moves circularly with the angular frequency Thus the spectrum of the 
sTher callv decaying part of the radiation that is generated by accelerated 
super um[nal sources extends to frequencies which are by a factor of he 
order of {cCl/aT- or {n/uj)"- higher than .he characteristic frequency Q of tne 
modulations of the source amplitude. 

C. Long-range and high-bandwidth telecommunications 

There are at present no known antennas in which the emitting elec- 
tric current is both volume distributed and has the time dependence of a 
travelUng wave with an accelerated superluminal motion. A travelling wave 
antenna of this type, designed on the ba.is of the principles unoerlymg he 
present invention, generates focused pulses that not only are stronger m the 
Sr field than any previously studied class of signals, but can m addition be 
L'aled at" ly a select set of observers for a limited inte:^l of time: the 
co^ituent waves whose constructive interference gives rise to the propagat- 
Lg wave packet embodying a given pulse come into focus (develop a cusped 
envelope or a caustic) only long ai'ter they have emanated from the source 
and then onlv for a finite period (Fig. 9). 

The intensity of the waves generated by this novel type of antenna 
decav much more slowly over distance than that of conventional radio or 
Ueht signals. In the case of conventional sources, including lasers, if the 
trtsmitter (source) to receiver (destination) distance doubles the power of 
X^T^^l is reduced by a factor of four. With the present invention, the 
sa^eToubUng of distance only halves the available signal. Thus the power 
required to send a radio signal from the Earth to the Moon by the present 
transr^itter would be 100 million times smaller than that which is needed m 
the case of a conventional antenna. 

The emission mechanism in question can therefore be used to convey 
teleohonic visual and other electronic data over very long distances without 
Scant attenuation. In the case of ground-to-satellite commumcations, 
t?e poTer required to beam a signal would be greatly -^uced, imp ymg 
Jhlt either fax fewer satellites would be required for the same bandwidth or 
each sateUite could handle a much wider range of signals for the same power 
output. 

D. Hand-held communication devices 
A combined effect of the slow decay rate and the beaming of the new 
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radiation is that a network of suitably constructed antennae could expand 
the useable spectrui^i of terrestrial electron^agnetic broadcasts by a factor of 
a thotisaxtd or more, thus dispensing with the need for cable or opUcal fibre 
for hie-h-bandwidth communications. . . j 

The evolution of the Internet, real-time television conferencmg and re- 
lated information-intense communication media means that there is a grow- 
Srdemand for cheap high-bandwidth aerials. Highly compact aerials for 
hid-held portable phones and/or television/Internet connections based on 
t^present invention can handle, not only much longer transmitter-to-receiver 
distLces than those currently available in cellular phone systems, but also 

much hiffher bandwidth. , • ..i. 

fJ fewer ground based aerial structures are required to obtain the 
same area coverage. Because there would be no cross-talk between any pairs 
o^ransmitter and receiver, the effective bandwidth of free space could be 
increased many thousand-fold, thus allowing, say, for video transmission be- 
tween hand-held units. 
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APPENDIX A: ASYMPTOTIC EXPANSIONS OF 
THE GREEN'S FUNCTIONS 

In this A.ppendix. we calculate the leading terms in the asymptotic 
expansions of the integrals (16), (34), (42) and (52) for small - , i.e. 
for points close to the cusp curve (12) of the bifurcation surface (or of the 
envelope of the wavefronts). The method-originally due to Chester ei al. 
fProc Camb. Phil. Sec, 54, 599, 1957)— which we use is a standard one 
that has been specifically developed for the 

involving caustics (see Ludwig, Comm. Pure Appl. Maths, 19 215, 1966). 
The integrals evaluated below all have a phase function gi<p) whose extrema 
((jy = u}^) coalesce at the caustic (12). 

^ long as the observation point does not coincide with the source 
point,' the function p(v>) is analytic and the following transformation of the 
integration variables in (16) is permissible: 

g{<p) = - Ci^I/ + C2, (^^) 

where i/ is the new variable of integration and the coefficients 

ci = (2)i(^^_gi_)i and C2 = ^i<f>+ + <f>-) (^2) 

are chosen such that the values of the two functions on opposite sides of (Al) 
coincide at their extrema. Thus an alternative exact expression for Go is 

J — oo 

in which ^ , , f aa\ 

fo{u) = R-'d^/dv. (^4) 

Close to the cusp curve (12), at which c: vanishes and the extrema u = 
±ci of the above cubic function are coincident, /o(2^) may be approximated 



The resulting expression 



'OO 



{A7) 
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will th« consiilute, according w ihs general iheorj', the leading term in the 

-'-^^rZ^l^Jl Ia^: w'e need to .no. the root, of cnbic 
.tior, that follows from the vanishing of the argument of the Dirac delta 
r ^ ° in tLif^rression. Depending on whether the observation pomt is 
[~inside 0^^^^^^^^^^ the biLcatioo surface (the envelope), the roots of 



ij/^ — Ci^U -f C2 = .0 



{AS) 



{A9b) 



are given by 

u = 2ci cos(|n7r -r \ arccosx), 1x1 < 1- ^^^^'^ 

for n =0, 1 and 2, or by 

1/ = 2cisgn(x) cosh(iarccoshlxl). Ixl > 1. 

respectively, where 

Note that X equals +1 on the sheet ^ = of the bifurcation surface (the 

inttg^al rn (l7),tberefore, has the following value when the obser- 
vation point lies inside the bifurcation surface (the envelope): 

r~d.5(i.^-c.^.+C3) = ELoCi-=|4cosMin.-rlarccosx)-ir.lxl<l- 
J-os {AU) 
Using the trignometric identity 4 cos= a - 1 = sin 3a/ sin a, we can write this 
as 

duSai^' - cr- + c=) = c:-^(l - X=)-^ i: hin(|n:r 4- § arccosx)! 

= 2cr''(l-X=)"^cos(§arcsinx)i Ixi < L (^^2) 
in which we have evaluated the sum by adding the sine functions two at a 

When the observation point lies outside the bifurcation surface (the 
envelope) the above integral receives a contribution only from the smgle 
value of u given in (A9b) and we obtam 

dvSau' - c^'u + C2) = c^-Hx' - 1)-' sinh(larccoshlxl), 1x1 > 1, 
y_oo (A13) 
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where this time we have used the identity 4cosh^Q' - 1 = sinh3a/ sinha. 

The second part of the integral in (^7) can be evaluated in exactly the 
same way. It has the value 

2 

duuSiliy^ - ci^i/ ^ C2) = 2ci-^(l - x')"= J2 1 sm(§n7r + i arccosx)| 

X cos(|n7r -r 5 arccosx) 
= -2ci-^(l - X^)"^ sin(§ arcsinx), Ixl < 1, (^14) 

when the observation point lies inside the bifurcation surface (the envelope), 
and the value 



/-f 00 
-00 



duuS{^i^^-Ci^u+C2) = ci-nx^-l)"'sgn(x)sinh(|arccosh|xl),|xl > 1, 
-« (Alb) 
when the observation point lies outside the bifurcation surface (the envelope). 

Inserting (A12)-(A15) in (A7), and denoting the values of G^ojnside 
and outside the bifurcation surface (the envelope) by Go'" and Go**"*, we 
obtain 

Go^ ~ 2ci~^(l - X^)~^[pocos(i arcsihx) - Ci9osin(| arcsinx)], Ixl < 1. 
and 

Q^out _ ci-^(x^ - l)-^[posinh(§arccoshlxl) + cigosgn(x)sinh(§arccosh|xl)], 

Ixl > 1, (^17) 

for the leading terms in the asymptotic approximation to Go for small Ci. 

The function fo{u) in terms of which the coefficients po and go are 
defined is indeterminate at i/.= ci and i/ = -cy. differentiation of (Al) yields 
dcp/du = (i/^ - ci^)/idg/dtp) the zeros of whose denominator atv = ifi. and 
<p = tp+ respectively coincide with those of its numerator at^ u = +ci and 
_ _ci. This indeterminacy can be removed by means of I'Hopital's rule 
by noting that 



dip 
1^ 



.2 ^2 



v=±e\ 



dg/dip 



[d'^9/dip''){dip/du) 



i.e. that 



dip 



/ ±2c 



)' 



(2ci.R=)^ 



(^18) 



(^19) 
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™ which we have calculated (d^sld'^)^-. fr=n. (7) and (8) The nght-hand 
Z^rllm is in turn, indeterminate on the cusp curve of the bifurcation 
S^e\the'envelope) where c, = A = 0. Removing this 'ndatenz^n^ by 

e^Lding the numerator in this expression in powers of A-, we find that 
assumes the value 23 at the cusp curve. 
'^'^ HSe the coefficients po and ,o that appear in the expressions (A8) 

and (A9) for Go are explicitly given by 

^t'lweg^'^e ot'Jdity of (A8) and (A9), where A_is n.uch sxnaUer 
than (f|,f2 - 1)^ , the leading terms in the expressions for R±, cx, Po and go 

^ = (Jlr^ - 1)= = ^P'" - 1)"'^^ ^ ^^^^^ 
c, = 2-^(f|.f=-l)"'^' ^^^^^ 
po = 2i(u/c)(f2f5. - 1)-^ + O(A^), 

9e = 2-nu;/c)(r=^4-l)-^ + 0(A^). - (^25) 

These may be obtained by using (9) to express i everywhere in (lOMlJ) 
Ld (aT) terms of A and f, and expanding the resultmg expressions in 
potirt of The quantity A in turn has the following value at pomts 

A = 2{fl - 1)^ {r^ - 1) = (-Sc - 5) + 0[(ic - (^26) 

iB which ic is given by the expression with the f ^^f^^'^f^^^,,^^ 
For an observation point in the far zone [rp :s> 1), the above expressi 

reduce to 

R^:.rrp, ^ 2^ irrp)- ^ il - ^ ^ (^27) 

A~2fp(f2-l)^(z,-z), 
PO 2i (c./c)(fpf)-^ qo = 2"^ (u./c)(fpf)-^ (A29) 
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in which £c - has been assumed to be finite. 

Evaluation of the other Green's functions, Gj, G2 and G3, entails 
calculations which have many steps in common with that of Go- Smce the 
integrals in (34), (42) and (52) differ from that in (16) only in that their 
integrands respectively contain the extra factors h, and n x e^, they can 
be rewritten as integrals of the form (A3) in which the functions 

fi(i/) = n/o, f2(i')se^/o and £3(1^) h n x e^/o (-431) 

replace the /o(i') given by (A4). -.^ f^^\ a 

If po and go are correspondingly replaced, in accordance with (A5) and 

P.= ^(f.U+f^U-J' ^=1.2,3, (A32) 

q.=lcrMf.L.,-f.L=-J' ^ = l>2,3, (^33) 

then every step of the analysis that led from (A7) to (A8) and (A9) would 
be equally applicable to the evaluation of Gfc. It follows, therefore, that 

G in ~ 2ci-^(l - X^)"MPfc cos(i arcsinx) - CiQk sin(| arcsin x)], ixl < 1. 

{A34) 

and 

Gfc""* ~ ci-2(x^ - l)"MPfcsinh(§arccoshlxl) 

+ ciq*sgn(x)sinh(§arccoshlxl)], 1x1 > L (>^35) 

constitute the uniform asymptotic approximations to the functions Gfc inside 
and outside the bifurcation surface (the envelope) |xl = 1- 

Explicit expressions for and as functions of (r, z) may be found 
from (8), (A19), and (A31)-(A33) jointly. The. result is 

Pi =2-^(u;/c)ciii A-i{[(fp - f^')(RZ'' ±K')- fp'A^RZ^ 

zcR-')]^^+f?'iRZ' ±R~he^. + (ip - i)(H:' ±^;^)exp}, 

(A36) 



P2 =2-J(a;/c)(ffp)-^Ci=^iA-i{(^i = 4)^rp 

q2 

+ [RZ^ ±R-^+^HRZ^ T-R;^)]e^p}. (^37) 
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where use has been made of the fact that = - sin(<^ - ^p)b^, + oos{^ - 
^P)el Here, the expressions with the upper signs yield the p. and those 

^kXr^^^^^^ oU^c^ G.- is indeterminate on the bifurcation 
surface (the envelope). If we expand the numerator of (A35) in powers o its 
denominator and ckncel out the common factor (x^ - 1) ^ prior to evaluating 
the ratio in this equation, we obtain 

= ~ (Pfc =t 2ciqO/(3ci=). (^39) 

. ^ outi 5,nH Gt®"*'!*-^. remain different even in the 
that specify the strengths of the discontinuities 



(A41) 



reduce to 

q, :^ ^(u;/c)(rfp)-^[(l - |f2)fpe., + (ip - i)e.p], 

q2~2S(u;/c)(ffp)-^e^p, • (^^2) 

in the regime of validity of ( A27) and ( A28). 

When 0 < 2c - ^ « - 1)'^^' expressions (A41) and (A43) 
. further reduce to 

. ' q,=.^(a;/c)(ffp)-^n,. and qa 2§ (u./c)(ffp)-^n3, {AAA) 
with 

n,3(,--§f)e.,-(l-r-)^e.. and ^ (1 - f-)^.. + ^"^^e,^.^^^ 

for in this case (I2b)-with the adopted plus sign-can be used to replace 
2 -zp by {r--l)^fp. 
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40 
CLAIMS 

1. An apparatus for generating electromagnetic radiation 
comprising: 

a polarizable of magnetizable medium; and means of 
generating, in a controlled manner, a polarization or 
magnetisation current whose distribution pattern has an 
accelerated motion with a super luminal speed, so that the 
apparatus generated both a non-spherically decaying 
component and an intense spherically decaying component of 
electromagnetic radiation. 

2- An apparatus according to claim 1, wherein the 
polarizable medium is a dielectric substrate. 

3. An apparatus according to claim 2, wherein the means 
for generating the polarization current distribution is an 
array of electrode pairs positioned opposite to each other 
along the substrate and a voltage applied to the electrodes 
sequentially at a rate sufficient to induce a polarization 
current whose distribution pattern moves along the 
substrate with a speed exceeding the speed of light in 
vacuo. 

4. An apparatus according to any preceding claim, wherein 
the spectrum of the emitted electromagnetic radiation 
contains frequencies that are higher than . the 
characteristic frequency of modulations of the emitting 
current. 

5. An apparatus according to any preceding claim, where 
the polarizable or magnetizable has the shape of a circle 
or an arc of a circle. 

6. An apparatus according to any of claims 1 to 4 , where 
in the polarizable or magnetizable medium has a rectilinear 
shape . 
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7 An apoaratus according to claim 6, wherein the 
■ distribution pattern of the current can be accelerated 

through the speed of lighr in such a way that the envelope 
5 of the wave fronts emitted by each volume element of this 
source possesses a cusp for a specific period of time. 

8 A compact polarization synchrotron comprising an 
apparatus according to claims, 4 and 5, arranged to generate 
intense, focused pulses of electromagnetic radiation with 
high frequencies in the near zone. 



10 



15 



9. A device according to claims 7 and 8 , arranged for 
spectroscopy . 

10 A device according to claims 7 and 8 , arranged for 
silicon chip manufacture and semiconductor lithography at 
very fine length scales. 

20 11 A broad-band telecommunications antenna comprising an 
apparatus according to any preceding claim, for conveying 
telephonic, visual and other electronic data over very long 
distances without significant attenuation. 

25 12 A broad-band telecommunications antenna comprising an 
apparatus according to claim 7, and means for controlling 
the apparatus such that a generated pulse of 
electromagnetic radiation is focused at a specific region 
of interest, distant from the antenna, for a specific 

3 0 period of time. 

13 A network of antennae according to claims 11 and 12, 
arranged to expand the effective bandwidth of free space 
for terrestrial electromagnetic broadcasts and 

35 coininunications . 
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14. A highly compac- aerial according to claims ll, 12 and 
13 1:0 be used for hand-held portable phones and/or 
television/Internet connections . 

15. A device for medical diagnosis treatment comprising an 
apparatus according to claim 7, and means for controlling 
the apparatus such that a generated pulse of 
electromagnetic radiation is focused at a specific region 
of interest within the body for a specific period of time. 

16. A device according to claim 15, arranged to irradiate 
deep tumours selectively whilst sparing surrounding normal 
tissue. 

17. A device according to claim 15, arranged for radiation 
pressure or thermocautery removal of thrombotic and embolic 
vascular lesions without invasive surgery. . 

18. A device according to claim 15, arranged for three- 
dimensional tomography. 

19. A device according to claim 15, arranged for 
absorption spectroscopy. 

20. A device according to claim 15, arranged for confocal 
scanning microscopy. 
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Figure 1 
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Figure 3 
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Figure 4 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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DETAILED ACTION 
Priority 

1. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(aHd), (GB 
9819504.3), which papers have been placed of record in the file. 

2. Receipt is acknowledged of papers submitted under 35 U.S.C. 371 
(PCT/GB99/02943) which papers have been placed of record in the file. 

Preliminary Amendment 

3. The Preliminary Amendment filed 03/06/2001 . Paper #5/A, has been entered. 

Specification 

4. The disclosure is objected to because of the following informalities: 

► On page 1, paragraph 3, the wording "intensities of normal emissions decay at a 
rate of does not conform with the general terminology accepted in the art, 
specifically regarding the words "emission", "deca/, and "rate", these unusual words 
rendering the expression vague and not understandable to one of ordinary skill in the 
art. It is well known in the art that the intensity of a normal laser beam or laser 
" emission" (sic!) does not appreciably " decaV (sic!) over a significant distance R. 
Either Applicant's statement is incorrect, or Applicant meant a fully different thing than 
what he is trying to express with that highly unusual wording.. 
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Even if Applicant is trying to mean something different, the statement regarding 
" decays at a rate of R^" is still not understandable, why it is worthwhile mentioning at all. 
It is generally known in the art that an interference normally redistributes the light 
intensity in such a way that it significantly deviates from a normal homogeneous 
distribution/ Hence, the wording " decay at a rate of R^" has completely missed the 
point. A classic example is the previous example of a laser beam, which is basically a 
superposition of a whole bunch of mutually /nferfer/ng electromagnetic plane waves 
having (slightly) differing propagation directions. Nobody would expressly appeal for 
attention that laser beams do not " decays at a rate of R^". 

5. The disclosure is strongly objected to because of the following inconsistencies 
already bordering to an incredibility of the invention: 

(a) On page 4, paragraph 2, line 2, the wording "the suoerluminallv rotating source 
from the standpoint of geometrical optics" is in direct violation of a known law of nature, 
i.e., the Special Theory of Relativity, which prevents any material object from achieving 
luminal (let alone superiuminal) speed in vacuum, since its mass would then become 
infinite, as generally understood in the art. 

(b) On page 6, paragraph 1, lines 1-2, the wording "so tiie speed of tlie source 
exceeds the wave speed', the wave speed being tacitly understood as being the light 
speed in vacuum, c, is again in direct violation of a known law of nature, i.e., the Special 
Theory of Relativity, by the same token as previously recited. 
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(c) On page 7, paragraph 3, line 1, the wording "In the highly superluminal regime" \s 
again in direct violation of a known law of nature, by the same token as recited above. 

(d) On page 27, paragraph 3, lines 7-8, the wording "this polarized region can be set in 
accelerated motion with a superluminal velocit/ is again m dirfect violation of a known 
law of nature, by the same token as recited above. 

(e) Owing to the above objections, (a) to (d), and possibly still many others not yet 
discovered by the Examiner, the credibility of the invention is very strongly put in 
question, for its obvious violation against a known law of nature. Although in a few 
other occasions Applicant seems to vaguely avoid such violation, as reflected on page 
2, paragraph 2, line 1, by reciting "The speed of the moving distribution pattern may 
be superluminar, and again on page 3, paragraph 3, lines 4-5, by reciting, "w/iose 
distribution patterns propagate with a phase speed exceeding the speed of light in 

vacuo" « which are here not objected because a pattern is not a material object (in this case the material object 
may not be moving at ail), and hence, may well achieve, or even exceed, the speed of light in vacuo, c », these 

Statements have been effectively ovemdden by more frequently recited contradicting 
statements claiming on superluminal velocities of material objects throughout the entire 
disclosure. Such a violation of natural law leads to a §101 rejections based on 
incredibility of the invention and/or its inoperativeness, as well as to a §112/11-1 claim 
rejections based on enablement and §112/11.2 claim rejections based on indefiniteness 
(see Claim Rejections below). 

Corrections are required. Applicant is advised, not to introduce New Matter in 

obviating this objection. 
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(f) Applicant is advised to eliminate the misleading word "superluminaf entirely from 
the disclosure. Applicant's terminology "superluminar is misleading, because in fact 
there is no suoerluminal speed at all. "Superluminally" moving patterns, e.g., phase 
patterns, or field/voltage patterns, have been known in the art for almost the age of 
electromagnetic theory itself, as it routinely occurs in electromagnetic waveguides. This 
is a fact that can be found in almost every textbook on electromagnetic waveguides, 
e.g., "Introduction to Microwave Theory" by Atwater (1962). as specifically recited on 
page 82, lines 8-10, in reference to Fig. 3.2 on page 59 and Eq. 3.137 on page 81 (see 
attached PTO-892). The e.m. wave in a waveguide can be considered as a 
superposition of two plane waves reflected to and fro between the waveguide walls at 
an angle O (see Fig.1 below). 



Fig. 1: Wavefronts and Phase Velocity in a Waveguide 




Vo>C 



A/sinO = 2TT/pg=2TT/k2 

The phase velocity Vp in the waveguide propagation direction z is defined by Atwater's 
Eq. 3.136. Although the phase velocity perpendicular of the wavefront remains equal to 
c, the phase velocity in the z direction is Vp=c/sinct), which is always larger than c for 
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O>0. At the waveguide cut-off (pg=0) the phase velocity approaches infinity (see 
Atwater's Fig. 3.2). 

In case of Applicant's invention, the wave propagation into free space does not 
differ much from the waveguide situation above, here easily replicated by substituting 
one of the waveguide walls by an antenna array while eliminating the other, thus 
removing the reflected waves. Although the phase or voltage pattem along the antenna 
array (waveguide wall) is still moving in the z direction at a "superluminar velocity, Vp>c, 
the wave velocity propagating into free space remains equal to c. In other words, there 
is no real superluminal velocity involved. Interference between adjacent array elements 
causes the wavefront of the emitted wave propagate at an. angle O, as recited by 
Hopwood et al. (USPAT # 4,749,995) in Col .2/11.40-47 in reference to Fig.1. and by 
O'Donneil et al. (USPAT 4,809,184) in Col .4/11. 30-35 and Col.5/11.20-30 in reference to 
Fig.1. 

Based on the discussion above, claim limitations reciting any distribution 
pattern moving at " superluminaf ' velocities, such as recited in claims 21, 23 and 27, are 
inappropriate. Although not principally incorrect, such limitation is misleading, for 
reciting something that is completely irrelevant to the subject matter of the invention, 
and furthermore, has no significance in the real worid. Although the phase velocity in a 
waveguide is always greater than c, it is the group velocity that is relevant to the real 
worid, e.g., as communication signal carrier. This group velocity is always less than c. 

Applicant's invention has much less to do with current distribution pattern moving 
at superiuminal velocities rather than with beam steering and beam focusing of a 
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phased array antenna. The latter has been well known since many decades in a 
diverse area such as radar technology (Hogwood et al.. 1988). directed energy 
weapons (Ensley 1984, USPAT 4,456,912) and medical diagnostics and therapy (Corl, 
1990, USPAT 4,974,211). 

In contradiction to Applicant's claim, there is evidently no superluminal wave 
propagation or any other anomaly generated by any of the methods using any of the 
antenna configurations disclosed as Applicant's invention. The observed result is 
nothing else than a normal (luminal) beam radiated at a variable angle <l>. In view of the 
overwhelming evidences brought up in this Office Action (see PTO-892) , the burden of 
proof returns back to the Applicant's side in case Applicant insists the invention is 
capable of generating superluminal or any other unique form of light propagation, 
(g) The lengthy specification has not been checked to the extent necessary to 
determine the presence of all possible errors of the same type as recited above from (a) 
to (d). Applicant's cooperation is requested in correcting any errors of which applicant 
may become aware in the specification. 

Claim Rejections - 35 USC § 101 

35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this trtle. 

6. Claims 21, 23 and 27 are rejected under 35 U.S.C. 101 because the claimed 
invention is not supported by either a specific asserted utility or a well-established utility. 
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Claims 21 , 23 and 27 recite limitations of a superiuminal velocity, or a velocity 
exceeding the velocity of light in vacuo. Since the disclosure recite specific statements 
that indicate a violation of physical law(s). claims 21, 23 and 27 are deemed incredible 
when interpreted in light of the specification, and hence, are not supported by a well 
established utility. Even if the claims are interpreted in such a way so as to avoid any 
violation of natural laws, the recitations of "polarization current distribution that moves 
with superiuminal velocit/ in claims 21, 23 and 27, and also "the envelope of the 
wavefronts ... possesses a cusp" specifically recited in claim 27, have no significance 
in the real world, as already pointed out in the previous objection to the specification 
with the exemplary discussion on phase and group velocities in a waveguide. Hence, 
the claims lack any specific asserted utility. 

Use Claim 

7. Claims 30-49 are rejected under 35 U.S.C. 101 because the claimed recitation of 
a use, without setting forth any steps involved in the process, results in an improper 
definition of a process, i.e., results in a claim which is not a proper process claim under 
35 U.S.C. 101. See for example Ex parte Dunki, 153 USPQ 678 {BifKpp. 1967) and 
Clinical Products, Ltd. v. Brenner, 255 F. Supp. 131, 149 USPQ 475 (D.D.C. 1966). 

Consequently, claims 30-49 are excluded from all first office actions on the merits 
and final rejections. 
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Claim Rejections - 35 USC §112/ 1*' paragraph 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specificatfon shall contain a written description of the invention, and of the manner and process of 
makirf and using it, in such full, clear, concise, and exact terms as to enabte any Person skilted in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

8. Claims 21. 23 and 27 are also rejected under 35 U.S.C. 112. first paragraph. 
Specifically, since the claimed invention is not supported by either a specific asserted 
utility or a well established utility for the reasons set forth above, one skilled in the art 
clearly would not know how to use the claimed invention. 

Claim Rejections - 35 USC § 1 12/ 2"" paragraph 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

9. Claims 21 . 23 and 27 are also rejected under 35 U.S.C. 112, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

The independent claim 21. from which claims 23 and 27 depend, fails to identify 
the particular electrode configuration being used to generate polarization current: It is 
not at all clear, whether it is a configuration shown in any one of Fig.1 to Fig.6. or any 
one shown in Fig.7? Specific electrode configuration is only recited in claim 25 as being 
the configuration of Fig.7b, and in claim 26 as being the configuration shown in Fig.7a. 
In regards of this ambiguity, the specific means to apply the polarizing voltage to, or 
polarization current into, the polarizable medium critical or essential to the practice of 
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the invention but not included in the claim(s), is not enabled by the disclosure. See In re 
Mayhew, 527 F.2d 1229, 188 USPQ 356 (CCPA 1976). 

In order to proceed with this examination, a linear electrode configuration as 
depicted in Fig.7a is assumed by the examiner. However, for claim 25 the configuration 
of Fig.7b will be assumed, despite its inconsistency with the dependent claim 21 . It is 
thus obvious that all the claims here involved have to be reformulated. 

Use Claims 

1 0. Claims 30-49 provide for the use of the invention for various applications, ranging 
from spectroscopy over semiconductor manufacturing process to medical applications, 
but, since the claims do not set forth any steps involved in the respective 
method/process, it is unclear what method/process applicant is intending to encompass. 
A claim is indefinite where it merely recites a use without any active, positive steps 
delimiting how this use is actually practiced. 

Consequently, claims 30-49 are excluded from all first office actions on the merits 

and final rejections. 

Claim Rejections- 35 use §102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 
the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country orjn public 
use oJ on sale ?n this country, more than one year prior to the date of application for patent in the United 



Stales. 
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11. Insofar the Examiner can ascertain beyond the above rejection under the first 
and second paragraphs of 35 U.S.C. 112. claims 21-22 are rejected under 35 
U.S.C. 102(b) as being anticipated by Bridges (USPAT 5,704,355). 

Bridges discloses an apparatus for generating electromagnetic radiation as 
expressly recited in Col .2/11 .20-22, comprising a polarizable medium 410A to 410D 
depicted in Flg.14. as recited In Col.16/11.1-14; and means of generating a polarization 
current whose distribution pattern moves with a superluminal speed, as recited in 
Col.16/11.16-34, whereby the superiumlnal speed is inherently recited in Col. 16/11.29-34 
in reference to Flg.14, i.e.. In case the device is used for wave propagation In free 
space, so the medium 418 is air or vacuum and V is equal to c in the formulae recited in 
Col. 16/11 .31 -33. 

Although Bridges's invention is more directed to medical treatment, in which the 
medium 418 is human tissue, and hence, v<c. Bridges expressly recites In Col.2/11.16- 
36, even more cleariy in Col .2/11.55-67 & Col .3/11. 5-1 5, that the invention is derived from 
and hence, inherently also applicable to open air or vacuum environment. Thus, an 
equivalent e.m. system operating in air or vacuum is inherent in O'Doneirs, including 
appropriate changes such as air or vacuum for medium 418, and that V is equal to c. 
► Specifically regarding the limitation of the distribution pattern having an 
accelerated motion with a superiumlnal speed, as recited In claim 21. such motion is 
known to focus the radiated beam, as Inherently understood from Col. 16/11.29-34. 
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► Specifically regarding the limitation of the radiated e.m. wave consisting of both 
non-spherically decaying component and a spherically decaying component, as recited 
in claim 21, an interfering wavefronts can always be inherently considered as a 
superposition of non-spherically decaying component having an inhomogeneous 
intensity distribution - R''' with x<2 (such as a laser as an extreme representative), and 
a spherically decaying (non-interfering) component having a homogeneous intensity 
distribution ~ R'^. 

► Regarding claim 22, Bridges's polarizable medium, i.e., the most important part 
of the antenna 410A-410D in Fig.14, is a dielectric substrate, as expressly recited in 
Col. 22/11 .33-34. 

Claim Rejections - 35 USC § 103 

12. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or descried as s^^ 
forth in section 102 of this title, if the differences between the subject matter sought ^ P^a^rted and 
tSe prior art are such that the subject matter as a whole would ha>^ been obvraus at t^ t^e^t^^ 
invention was made to a person having ordinary skill in the art to which sad subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was maae. 

Insofar the Examiner can ascertain beyond the above rejection under the first and 

second paragraph of 35 U.S.C. 112, claims 23-24 and 26-28 are rejected under 35 

U.S.C. 103(a) as being unpatentable over Bridges in view of Miller (USPAT 4,131,896) 

or Nunnally (IEEE Transactions on Electron Devices Vol.17/No.12, 1990, pp.2439- 

2445) in further view of Zucker et al. (USPAT 5,109,203), hereafter referred to as 



Zucker-203. 
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13. Bridges shows all the limitations of claim 23, as applied previously to the parent 
claim 22, except the recitation of electrode pairs positioned opposite to each other as a 
means to induce the polarization current of clainns 21 and 22. 

Miller discloses an apparatus for generating electromagnetic radiation equipped 
with electrode pairs, 36 & 20. as recited in Col. 5/11. 13-1 9. positioned opposite to each 
other as a means to induce the polarization current in the radiating elements 26, as 
recited in Col .4/11.66-68 & Col.5/ll.1-66 in reference to Fig.6. \A/hile Miller's invention is 
primarily aimed at compensating for impedance! variations over the scan angle, as 
recited in the Title and Abstract, it would have been obvious to one of ordinary skill in 
the art by the time the invention was made to feed Miller's antenna array with 
conventional phase controlled electronnagnetic signal, as readily taught by Bridges, i.e., 
by using time delays applied to phase control devices 408. as recited in Col.1 6/11.1 0-41. 

Note, time delay and phase control are representing the same method of beam 
steering in phased arrays, since a time delay automatically results in a phase shift of the 
signal wave. The terminology "time dela/ is usually used in case of pulsed beams, 
whereas "phase controf or "phase shift' is more appropriate for continuous wave (cw) 

electromagnetic beams. 

Miller-s modification applies in case the means of applying voltage or current, 
hereafter simply denoted as "applicator", is designed as an antenna array that allows 
wave transmission in the angular range of <t><90° to 0=0°, but effectively blocks or 
excludes the 0=90° direction (please refer to Fig.1 of this Office Action for a definition of 
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O). In this case the polarization current distribution pattern applied to the array moves 
with Vp>c (corresponding to O<90°) to infinity (corresponding to 0=0°). 

It would have been obvious to one of ordinary skill in the art by the time the 
invention was made to modify Bridges's array of horn antenna elements by Miller's 
capacitor-like dipole antennas, in order to have the capability of scanning the angular 
direction perpendicular to the array, and to have an antenna an-ay with uniform 
impedance across the scan range, as taught by Miller. 

14. Alternatively, claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable 
over Bridges in view of Nunnally and further in view of Zucker-203. This alternative 
rejection is applicable in case the "applicator is designed as an antenna array that 
blocks wave transmission in the angular range of (J><90° to 0=0°, i.e., as linear 
capacitor array depicted in Fig. 7a of Applicant's disclosure. As generally known in the 
art, the generated electromagnetic wave propagates along the transmission line 
(<t)=90°) at a velocity given by the wave velocity of the transmission line formed by the 
sequentially connected capacitors. 

Nunnally discloses an apparatus for generating electromagnetic radiation 
equipped with electrode pairs positioned opposite to each other as a means to induce 
polarization current, as shown in Fig.8 and recited on page 2444, section A. "Frozen- 
Wave Generator", paragraph 1 & 2. 

It would have been obvious to one of ordinary skill in the art by the time the 
invention was made to modify Bridges's array of horn antenna elements by Nunnally's 
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linear array of capacitors forming a transmission line, in order to transmit the e.m. signal 
along the capacitor an-ay, since the performance characteristics of such a transmission 
line is well known in the art/so as to render the design straightforward and the effort 

requirement minimum. 

While Nunnally's frozen-wave generator transmits a pulsed e.m. wave of a 
particular square-wave form that has been previously "frozen" in the capacitor array, in 
case of a continuous wave it would have been further obvious to one of ordinary skill in 
the art by the time the invention was made to further modify Bridges's device that has 
been previously modified by Nunnally's. now also by Zucker-ZOS as depicted in Fig.4A 
and Fig.3 & 4. with Zucker-203's time-trigger diodes 28. 30. 32 in Fig.lC replaced by 
Nunnally's photoconductive triggers shwon in Fig.8, while using Zucker-203's horn 
antenna 26 shown in Fig. 3 & 4 to transmit the e.m. wave in a quasi-continuous manner. 

Thus, instead of releasing a frozen wave-form at once as conducted by Nunnally. 
in dealing with a continuous wave one of ordinary skill in the art may operate or activate 
Nunnaly's photoconductive triggers sequentially under a controlled time-delay as taught 
by Zucker-203, such that the induced current distribution moves faster than light speed 
in vacuo, Vp>c. as suggested by Bridges, instead of simultaneously, as in Nunnaly's 
(Vp-)'«). However, as known to one of ordinary skill in the art. the resulting waveform 
will not propagate along the transmission line at a superluminal velocity, as believed by 
Applicant, but instead, at a velocity given by the propagation property of the 
transmission line. 
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It would have been further obvious to one of ordinary skill in the art by the time 
the invention was made to further modify Bridges's device previously modified by 
Nunnally's, also by Zucker-203's. in order to obtain a quasi-continuous emission of 
broad-spectrum square-wave trains out of Zucker-s horn antenna placed as a load at 
the end of Nunnally's linear array of capacitors. 

Note, although Zucker-203's teaching is not at all necessary to successfully 
reject claim 23. such a combination is appropriate to establish at least a specific utility 
while providing a basis for the next dependent claims. This rejection anticipates to have 
overcome the previously applied § 101 and § 112 rejections based on a lack of general 
and/or specific utilities. 

15. Regarding claims 24 and 28, the limitation that the spectrum of the emitted 
radiation contains frequencies higher than the modulation frequency of the emitting 
current is rendered obvious by the fact generally known in the art that a square-wave 
inherently contains frequencies (much) higher than the base modulation frequency as a 
result of the many overtones thereby produced. 

1 6. Regarding claim 26. Nunnally's polarizable medium has a rectilinear shape, since 
it is embedded between the capacitor plates that form a linear sequence. 



17. The limitation of claim 27 regarding the accelerated motion of the polarization 
current distribution is already encompassed in claim 21. whereas the further limitation 
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regarding a cusp has been previously rejected as having no significance in the real 
world, and hence, does not further limit the claim. 

18. Insofar the Examiner can ascertain beyond the above rejection under the first 
and second paragraph of 35 U.S.C. 112. claims 25 and 29 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Bridges in view of Fay (USPAT 5.128,687). 

Bridges shows all the limitations of claims 25 and 29. as applied previously to the 
parent claim 21, except the recitation of the polarizable medium having the shape of a 

circle or an arc of the circle. 

Fay discloses an apparatus for generating electronnagnetic radiation equipped 
with polarizable medium in form of radiating elements 24(1) through 24(N) that are 
arranged in the form of an arc of a circle of radius R, as depicted in Fig.2 and recited in 
Col .4/11.44-52. Further, Fay's device is also equipped with phased aray 4 consisting of 
focused phased an-ay antennas 4(1) to 4(T), and still another array 26(1) to 26(T), all 
arranged on an arc of a circle of radius R, as recited in Col.4/ll. 60-68 & Col .5/11. 1-1 3. 
Phased an-ay 4 generates a beam 32 that focuses on a point in the near zone, as 

recited in Col. 5/11.7-1 3. 

Obviously, Fay's device has much more capability than what is claimed by 
Applicant. However, those unneeded or undesired elements in Fay's device, together 
with their function(s), may be simply eliminated, since omission of an element and/or its 
function is obvious if the function of the element is not desired, required or intended. Ex 
Parte Wu, USPQ 2031 (Bd. Pat. App. & Inter. 1989). 
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In the alternative, Bridges as modified by Fay discloses the claimed invention 
except for the use of not less than three phased arrays, each having a different purpose 
and each being arranged on an arc of a circle, which is also a limitation of Applicant's 
claim 29. Since applicant has not disclosed that Applicant's single array solves any 
stated problem or has any particular purpose, it appears that the invention would 
perform equally well with Fay's three different arrays. Therefore, Applicant's use of a 
single array is a mere matter of design choice that is unpatentable, because it only 
involves routine skill in the art. In this respect, it would have been obvious to one of 
ordinary skill in the art by the time the invention was made to modify Bridges's device by 
Fay's multiple antenna arrays, in order to have multiple simultaneous beams that can be 
independently steered, as suggested by Fay in the Abstract. 



Communications 

19. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Bernard E Souw whose telephone number is 703 303 
-^.^The'exammer can normally be reached on Monday thru Friday, 9.00 am to 5:00 
pm.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, John R Lee can be reached on 703 308 4116. The fax phone numbers for 
the organization where this application or proceeding is assigned are (703) 872-9306 for 
regular communications and 703 872 9319 for After Final communications. 
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Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703 308 
0956. 
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